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PREFATORY  NOTE  TO  VOL.  II. 


In  bringing  the  Translation  of  Professor  Landois'  Treatise  to  a  close, 
I  would  only  remark  that  the  same  plan  has  been  followed  with  the 
Second  as  with  the  First  Volume^  and  additions  made  to  the  original 
wherever  they  appeared  desirable  for  English  readers.  Such  additions 
are,  as  before,  distinguished  by  square  brackets  [  ]. 

The  Illustrations  also  have  again  been  greatly  increased.  Taking 
the  work  as  a  whole,  they  number  494,  as  compared  with  the  275  of 
the  original  I  have  to  acknowledge  the  courtesy  of  my  publishers, 
Messrs.  Charles  Griffin  &  Company,  in  acceding  thus  liberally  to  my 
wishes  in  this  respect,  and  must  also  express  my  thanks  for  several 
Illustrations  to  Drs.  Byrom  Bramwell,  Knott,  B.  W.  Beid,  Hart  and 
Barbour,  Professor  M^Eendrick,  Mons.  Koenig,  Messrs.  Elliott  Brothers, 
Messrs.  Pickard  &  Curry,  Messrs.  John  Weiss  &  Son,  and  Messrs. 
Krohne  &  Sesemann. 

The  sources  of  the  others  will  be  found  duly  noted  in  the  List 
of  Illustrations,  and  include  the  works  of  Professors  Aitken  and 
W.  K.  Parker,  MM.  Charcot,  Gegenbaur,  Kolliker,  Marey,  Schwalbe, 
and  Tyson,  as  well  as  some  of  those  mentioned  in  Vol.  I. 

In  addition  to  the  works  just  quoted,  I  have  also  to  express  my 
indebtedness  to  Boss's  Treatise  on  the  Diseases  ofihe  Nerwms  Sysieniy 
Tyson  On  BrigMs  Disease  and  Diabetes,  and  Bramwell  On  Diseases  of 
the  Spinal  Cord.  Finally,  my  thanks  are  due  to  Professor  Burden 
Sanderson  and  Dr.  Lauder  Brunton  for  their  generous  assistance  in 
connection  with  the  exact  rendering  of  certain  technical  terms. 

Wm.  STERLING. 

ABSBDEBK    UNrVEBSPTY, 

May^  1885. 
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The  Secretion  of  Urine. 


254.  Structure  of  the  Kidney. 

The  kidneys  are  compound  tubular  glands  (Fig.  180). 

[Capenle. — The,kidney  is  invested  by  a  thin,  tough,  fibrous  capsule, 
easily  stripped  off  from  the  substance  of  the  organ  to  which  it  is 
attached  by  fine  processes  of  conaective-tissue  and  blood-vessels.  None . 
of  the  secretoiy  substance  is  removed  with  it  Under  the  capsule  in 
the  human  kidney,  there  is  a  thin  plexus  on  non-«triped  muscular  fibres. 
At  the  hilum  it  becomes  continuous  with  the  outer  fibrous  coat  of  the 
dilated  upper  end  of  the  ureter.] 

BmmaanlaTarl  j,  ...  i' Ldnrinlh. 

otmadoIU.   1  9"  (1 

Pijllkrr  pu-l  B'       V-tttIjL  >'  P^-'"' 
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Fig.  177. 
ZiOngitadinal  Bection  throngli  the  kidney  (Ty sdj 
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STRUCTUM  OF  THE  KIDMET. 


[K&ked  Eye  Appearaneea. — On  dividing  the  kidney  loo^tndinally 
from  the  hilum  to  its  outer  border,  and  examining  the  cut  snrface  with 
the  n&ked  eye,  we  observe  the  parenchyma  of  the  kidney,  consisting  of 
an  outer  cortical  and  an  inner  medullary,  or  pyramidal  portion,  the  latter 
composed  of  about  twelve  conical  papillee,  or  Pyramids  of  Malpighi, 
■with  their  apices  directed  towards  the  pelvis  of  the  organ,  and 
embraced  by  the  calices  of  the  pelvis  of  the  kidney  (Fig.  177).  The 
medullary  portion  is  further  subdivided  into  the  boundary  layer  of 
Ludwig  and  the  papillary  portion.  According  to  Klein,  the  relative 
proportions  of  these  three  parta  are — corteic,  Z5;  boundary  layer, 
25 ;  and  papillary  portion,  4, 

The  cortex  has  a  light-brown  colour,  and  when  torn  it  presents  a 
elightly  granular  aspect,  with  radiating  lines  running  at  regular  dis- 
tances. The  granules  are  due  to  the  presence  of  the  Malpighian 
corpuscles,  and  the  striie  to  the  medullary  rays.  The  boundary  sone  is 
darker,  and  often  porplish  in  colour.  It  is  striated  with  clear  and  red 
lines  alternating  with  opaque  ones,  the  former  being  blood-vessels  and 
the  latter  uriniferous  tubules.     The  papilluy  zone  is  nearly  white  and 


Pig.  178. 
Lougitndin&l  Bection  ot  a  kidney  (Tyson,  modified  from  LTidwigj-PP,  pyramids 
of   Perrein ;   RA,    branch  of  renal    artery ;    RV,   lumen  of  a  renal    vein 
receiving   an    interlobular   vein;    VR,   vaa»   recta;    PA,   apex   of  a  renal 
papilla  I  6,  b,  embrace  the  bues  of  the  renal  lobulea. 
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uniformly  striated^  the  striad  conyerging  to  the  apex  of  the  pyramid. 
The  medulla  is  much  denser  and  less  friable  than  the  cortex,  owing  to 
the  presence  of  a  large  amount  of  connective-tissue  between  the  tubules. 
The  bundles  of  straight  tubes  of  the  medulla  may  be  traced  at  regular 
intervals  running  outwards  into  the  cortex,  constituting  medullary' raySf 
which  become  smaller  as  they  pass  outwards  in  the  cortical  zone,  db  that 
they  are  conical  and  form  the  pyramids  of  Ferrein  (Fig.  178,  PF). 
The  portion  of  the  cortex  lying  between  the  medullary  rays  is  known 
as  the  labyrinth,  from  the  complicated  arrangement  of  its  tubules.] 


13.  Stn^fcbt  part  pf  ool 
leotlng  taba. 

9.  Wavy  part  of  aaoendlng 
limb  of  flezde'a  loop. 

Izmer  stratoxn  of  cortex 
without  Maifighj^n 
oorpaaclas. 


Bab-cftpmlar  layer  withont  Mal- 
plghian  oorpnades. 


7  ft  8.  Aflcending  limb  of 
Henle't  loop-tabe. 


IS.  First  part  of  collecting  tube. 
11.  I>i8tal  conToioted  tobnle. 

A>  1.  ooaiEZ. 

10.  Irregolar  tabula. 

8.  ProKtmal  oonvolated  tnbole. 

9.  WaTy  part  of  ascending  limb. 

3.  Oonatriotion  or  nedL 

4.  Spiral  tabole. 

1.  Malpighian  toft  tarroanded  by 
Bowman's  capanle. 


8.  Spiral  part  of  ascending  limb 
oiHenle's  loop. 


B.  BOTJBBA&T  ZQBE. 

o.  Descending  limb  of  ;Henle's 
loop-tube. 


6.  HciilA*s  loop. 


0.  PAFQJiABT  ZOBB. 


Diagrun  of  the  course  of  two  uriniferoDs  tubules  (Tyson  and  BruntQ&)  after 

SLlein  and  Noble-Smith)i 
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[Sice,  Wdgbt — ^The  adult  kidney  is  about  11  centimetres  (4'4  inches) 
in  length,  5  centimetres  (2  inches)  wide,  and  *75  centimetres  (*3  inches) 
in  thickness.  It  weighs  in  the  male  113*5-170  grms.  (4  to  6  oz.),  in 
the  female  113*5  to  156  grms.  (4  to  5|  oz).  The  width  of  the  cortex 
is  usuaUy  5  to  6  millimetres  (^  to  J  inch — ^Tyson).] 

The  nriniferoiu  tubules  all  arise  within  the  labyrinth  of  the  cortex 
by  means  of  a  globular  enlargement,  200-300  /a  [j^  to  xir  ii^ch]  in 
diameter,  called  Bouman's  capsule  (Fig.  179  and  Fig.  180),  and  after 
pursuing  a  complicated  course,  altering  their  direction,  diameter,  and 
structure,  and  being  joined  by  other  tjibules,  they  ultimately  form  large 
collecting  tubes,  which  terminate  by  minute  apertures,  visible  with 
the  ai.d  of  a  hand-lens,  on  the  apices  of  the  papilke  projecting  into  the 
calicos  of  the  kidney. 

Each  urinary  tubule  is  composed  of  a  homogeneous  memhrana  propria, 
lined  by  epithelial  cells  so  as  to  leave  a  lumen  for  the  passage  of  the 
urine  from  the  Malpighian  corpuscles  to  the  pelvis  of  the  kidney. 
The  diameter  and  direction  of  the  tubules  vary,  and  the  epithelium 
differs  in  its  characters  at  different  parts  of  the  tube,  while  the  lumen 
also  undergoes  alterations  in  its  diameter. 

Course  and  Stmctore  of  the  Tubules. — In  the  labyrinth  of  the 
cortex,  tubules  arise  in  the  spherical  enlargement  known  as  Bowman's 
Capsule  (Fig.  179,  1),  which  invests  (in  the  manner  presently  to  be 
described)  the  tuft  of  capillary  blood-vessels  called  a  glomerulus  or  Mal- 
pighian corpmde.  By  means  of  a  short  and  narrow  neck  (2)  the 
capsule  becomes  continuous  with  a  convoluted  tubule  ^t  x  in  Fig.  180 
(Bowman).  This  tubule  is  of  considerable  length,  forming  many 
windings  in  the  cortex  (Fig.  179,  3) ;  the  first  part  of  it  is  4*5  /i  wide, 
constituting  \!cl<^  profxirrwX  or  first  convoliUed  tubule.  It  becomes  continuous 
with  the  spiral  tubvJe  of  Schachowa  (4),  which  lies  in  a  medullary  ray, 
where  it  pursues  a  slightly  wavy  or  spiral  course. 

On  the  boimdary  line,  between  the  cortical  and  boundary  zone,  the 
spiral  tubule  suddenly  becomes  smaller  (Isaacs)  and  passes  into  the 
descending  portion  of  Herde's  loop  (5),  which  is  1 4  /a  in  breadth,  and  is 
continued  downwards  through  the  boundary  zone  into  the  medulla, 
where  it  forms  the  narrow  loop  of  Herde  (6),  which  runs  backwards  in  the 
medullary  part-to  the  boundary  zone.  Here  it  becomes  wider  (20-26  /x), 
^nd  as  it  continues  its  undulating  course,  it  enters  a  medullary  ray, 
where  it  constitutes  the  ascending  loop-tvhe  (7),  which  becomes  narrower  in. 
the  cortex.  Leaving  the  medullary  ray  again,  it  passes  into  the  labyrinth, 
where  it  forms  a  tube  with  irregular  angular  outlines — the  irregular 
tubtde  (10),  which  is  continuous  with  (Fig.  180,  w,  n)  the  second  or  distal 
convoluted  iubuU  or  interccUated  tubule  ('*  Schaltstiick "  of  Schweigger- 
Seidel)  (11),  which  resembles  the  proximal  tubule  of  the  same  name. 
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Its  diameter  is  40 /i.    Asbort,  narrow,  wavy  jMBdimai  or  twrtwicoHecfiffj 
tnbule  (12)  connects  the  latter  with  one  of  the  straight  colleding  tubes 


Fig.  isa 


Stractnre  of  l3ia  kidney — I,  th«  blootl-veiBelB  and  nriniferotu  tabnles  aliowii  id  a 
■eini-dikgTMnmfttic  tnanner;  A,  capillaries  of  the  oortez)  B,  cftpilUries  'of 
the  medulla;  a,  interlobnl^  arteiyj  1,  vm  afiereas;  2,  vu  efferen*;  r,  e, 
Ta«a  recta;  c,  vema  recta;  v,  v,  interlobular  vein;  8,  conunencement  of  a 
vena  rteliata ;  i^  i,  Bowman's  capinle  enclosing  a  glomeralns ;  X,  X,  coDvoIoted 
tnbules;  (,  t,  Henle'a  loop;  n,  n,  jonctional  piece;  o,  o,  collecting  tobea;  0, 
excretory  tnbe. 
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(1 3)  of  a  medullary  ray.  As  the  collecting  tubule  proceeds  towards 
the  boundary  zone,  it  receives  numerous  junctional  tubes,  and  when  it 
reaches  the  boundary  zone,  it  forms  one  of  the  collecting  tvbes  (Fig.  1 80, 
0),  which  unite  with  one  another  at  acute  angles  to  form  the  larger 
straight  ftccnfory  tubes  or  ductaof  Bellini  (15),  which  open  on  the  summit 
of  the  Malpighian  pyramids  into  a  calix  of  the  pelvis  of  the  kidney.  In 
the  Gort«z  the  collecting  tubules  are  45  /j  in  diameter,  bat  where  they 
have  formed  an  excretory  tube  (0),  their  diameter  is  200-300  ju;  24-80 
of  these  tubes  (Paul  MuUer)  open  on'  the  apex  of  each  of  the  12-15 
Malpighian  pyramids.  In  the  lowest  and  broadest  part,  the  membrana 
propria  is  sCrengtbened  by  the  presence  of  a  thick  supporting  frame- 
work of  connective-tissue. 

Structure  of  the  Tubules. — :[Below  the  neck,  the  tubules  are  lined 
everywhere  by  a  ^ngle  layer  of  nucleated  epithelium.]  Bowman's 
capsuk;  which  is  about  ^l^  inch  in  diameter  (Fig.  181,  II),  consists  of 
a  homogeneous  basement  membrane  lined  internally  by  a  single  con- 
tinuoos  layer  of  flattened  cells  (k).    According  to  Roth,  the  basement 


Fig.  181. 
Stoaotnre  of  the  kidney. — II,  Sbwnuui'i  caprale  and  glomerntas — a,  vm  aSereni; 

e,  TueOerens;  c,  capillary  oet- work  of  tliB  cortex ;  £,  endothelial  Btmctare  of 
the c^psole;  A, origin  of  aconvolotod  tnbide.— Ill,  "rodded"or  "fibrillated" 
>  c«lls  from  a  convolnted  tabale— 2,  seen  from  the  Bide,  with  g,  inner  granular 
sotie;  1,  from  the  Burface.-~IV,  celU  lining  Henle'ii  looped  tubule.— V,  oella 
of  a  colleoting  tube. — VI,  Bectioa  of  an  excretory  tube. 

membrane  it«elf  is  composed  of  endothelial  cells.     [In  the  fcetus  the 
lining  cells  are  more  polyhedral]     Within  the  capsule  lies  the  glomem- 
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lus  or  tuft  of  blood-yessels  (p.  522).  The  cells  lining  the  capsule  are 
reflected  over  and  between  the  lobulea  of  vhich  the  glomemlua  coo- 
aistB.  The  glomerulus  may  not  completely  fill  the  capsule,  so  tbat^ 
according  to  the  activity  of  the  kidney,  there  may  be  a  larger  or 
smaller  space  between  the  glomerulus  and  the  capsule  into  which  the 
filtered  urins  passes.  The  mck  is  lined  by  cubical  cells.  These  cells, 
in  some  animals,  e.g.,  the  rabbit,  sheep  (Hassal),  mouse  (Klein),  and 
frog,  are  ciliated. 

The  proximal  amvoluUd  (ufrufo  is  lined  by  characteristic  epithelium. 
The  cells,  which  are  short  or  polyhedral,  form  a  single  layer,  with  a 
turbid  or  cloudy  protoplasm  (Fig.  181,  III,  1  and  2),  which  not  un- 
frequently  contains  oil-globulea.  The  cells  consist  of  two  parts ;  the  inner 
containing  the  spherioal  nucleus  is  next  the  lumen, 
and  granular  (III,  2,  g),  while  the  outer  part,  next  the 
membrana  propria,  appears  fibrillated,  or  "  redded " 
(Heidenhain),  from  the  presence  of  rods  (StdbclKn), 
or  fibrils  placed  vertically  to  the  basement  membrane 
(Fig.  1S2).  These  appear  like  the  hairs  of  a  brush 
pressed  upon  a  plate  of  glass  (III,  2).  The  cells  are 
not  easily  separated  from  each  other,  as-  neigh- 
bouring cells  interlock  by  means  of  the  branched 
ridges  on  their  surfaces  (III,  1) — (R.  Heidenhain, 
Scbachowa).  The  lumen  is  well  defined,  but  its  size 
seems  to  depend  upon  the  state  of  imbibition  of  the 
cells  bounding  it 

The   spiral    tvimle    has    similar   epithelium  and    a 
corresponding  lumen,  although  the  epithelium  becomes 
*  lower  and  somewhat  altered  in  its  characters  at  the 
lower  part  of  the  tube.' 

The  descending  limb  of  Eenh's  loop,  and  the  loop 
itself  with  a  relatively  wide  lumen,  are  bounded  by 
clear,  flattened  epithehal  cells,  with  a  bulging  nucleus 
(IV,  S);  the  cells  lyiug  on  one  side  of  the  tube 
being  so  placed  that  the  bulging  part  of  the  bodies 
of  the  cells  is  opposite  the  thin  part  of  the  cells  on 
the  opposite  side  of  the  tube.  [These  tiibes  might  be  mistaken  for 
blood-capillaries,  but  in  addition  to  their  squamous  lining,  they 
have  a  basement  membrane,  which  capillaries  have  not.]  In  the 
ascending  hmb,  the  lumen  is  relatively  wide,  while  its  epithelium 
agrees  generally  with  that  in  the  convoluted  tubule,  excepting  that 
the  "rods"  are  shorter.  Sometimes  the  cells  are  arranged  in  an 
"  imbricate  "  manner. 

In  the  irregular  tubule,  which  has  &  very  small  lumen,  the  polyhedral 


Fig.  1S2. 

Convoluted  tobnlB 

after  the  action 


chromate,  show- 
ing peculiar 
"rodded"  epi- 
'  theliam  (Heiden- 
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cells  lining  it  contain  oval  nuclei,  and  are  shorter  than  those  of  the 
convohited  tubules.  The  cells,  again,  are  very  irregular  in  size,  while 
their  ^^rodded"  character  is  much  coarser  and  more  defined  (Fig.  183). 
The  distal  convoluted  tubule  closely  resembles  in  its  structure  the 
proximal  convoluted  tubule,  and  is  lined  by  similar  cells.     The  curveci 

collecting f  or  junctional  'tubule,  al- 
though narrow,  has  a  relatively 
wide  lumen,  as  it  is  lined  hf  clear, 
somewhat  flattened  cells. 

The  collecting  tubes  have  a  distinct 
lumen,   and    are .  lined    by    chaVy 
p.    ,g^  somewhat    irregular    cubical    cells 

(Fig.  181,  V),  which  in  the  larger  «c- 

Epithelinm  of  the   irregnlar   tnbnle    cretory  tubes  are  distinctly  columnar 

^f^the  kidney  of  a  dbg  (Tyson,  after    ^jj       r^he  basement  membrane  is 

said  to  be  absent  in  the  larger  tubes. 

[Klein  describes  a  thin,  delicate,  nucleated  centro-tnbular  membrane  lining 
the  surface  of  the  epithelium  next  the  lumen.] 

The  Blood-Vessels. — The  renal  artery  (Fig.  177)  divides  into  four 
or  five  branches,  which  pass  into  the  kidney  at  the  hilum.  These 
branches,  surrounded  by  connective-tissue,  continuous  with  that  of 
the  capsule,  continue  to  divide,  and  pass  between  the  papillae,  -to 
reach  the  bases  of  the  pyramids  on  the  limits  between  the  cortical 
and  boundary  zones,  where  they  form  incomplete  arches.  From  these 
horizontal  trunks,  the  interlobular  arteries  (Fig.  180,  a),  run  vertically 
and  singly  into  the  cortex,  between  each  two  medullary  rays,  and  in 
their  course  they  give  off  on  all  sides  the  short  undivided  vasa 
afferentva  (1),  each  of  which .  enters  a  Malpighian  capsule  at  the 
opposite  pole  from  which  the  urinary  tubule  is  given  off.  Within 
the  capsule,  each  afferent  artery  breaks  up  into  capillaries  arranged 
in  lobules  and  supported  by  connective-tissue,  the  whole  forming  a 
tuft  of  capillary  blood-vessels,  or  a  glomerulus.  Each  glomerulus  is 
covered  on  its  surface,  directed  towards  the  wall  of  the  capsule,  by  a 
layer  of  flat,  nucleated  epithelial  cells  (Fig.  181,  II),  which  also  dip 
down  between  the  capillaries  (Heidenhain,  Runeberg).  A  vein,  the 
vas  efferens  (2),  which  is  always  smaller  than  the  afferent  arteriole, 
proceeds  from  the  centre  of  the  glomerulus,  and  leaves  the  capsule 
close  to  the  point  at  which  the  afferent  vessel  enters  it  (Fig.  181,  II). 
In  their  structure  and  distribution,  all  the  efferent  vessels  resemble 
arteries,  as  they  divide  into  branches  to  form  a  dense,  narrow  meshed 
capillary  rut-work  (Fig.  180,  A,  and  Fig.  181,  II,  c),  which  surrounds 
and  ramifies  over  the  convoluted  tubules.     The  meshes  are  elongated 
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around  the  tubules  of  the  medullary  rays,  and  more  polygonal  (Fig. 
180)  around  the  convoluted  tubules.  Some  of  the  lowest  efferent 
vessels  split  up  into  vasa  recta,  which  run  towards  the  medulla. 
The  interlobular  arteries  become  smaller  as  they  pass  towards  the 
surface  of  the  kidney,  and  some  of  their  terminal  capillaries  com- 
municate with  the  capillaries  of  the  external  capsule  itself.]  Venous 
trunks  proceed  from  the  capillary  net-work,  to  terminate  in  the  inter- 
lobular veins  (V).  These  veins  begin  close  under  the  external  capsule 
by  venous  radicles  arranged  in  a  stellate  manner  (constituting  the 
stellular  Verheynii,  or  venos  steUatce),  and  accompany  the  corresponding 
artery,  to  the  limit  between  the  cortex  and  boundary  zone,  where  they 
communicate  with  the  large  venous  trunks  in  that  situation. 

The  blood-vessels  of  the  medulla  arise  from  the  vasa  recta  (Fig. 
180,  r).  The  latter  begin  on  the  limit  of  the  cortex  and 
medulla,  either  as  single,  direct,  muscular  branches  (r)  of  the  large 
arterial  trunks,  or  from  those  efferent  vessels  (e)  which  lie  next  to 
the  medulla.  The  latter  are  said  to  be  devoid  of  muscle;  while, 
according  to  Huschke,  a  few  vasa  recta  are  formed  by  the  union  of 
the  capillaries  of  the  medullary  rays.  All  the  vasa  recta  enter  the 
boundary  layer,  where  they  split  up  into  a  leash  or  pencil  of  small 
arterioles,  which  pass  between  the  straight  tubules  towards  the  pelvis, 
and  form  in  their  course  a  capillary  net-work  with  elongated  meshes. 
From  these  capillaries  there  arise  venous  radicles,  which,  as  they  proceed 
towards  the  limit  between  the  co^x  and  medulla,  form  the  vencR  rectoe 
(c),  and  open  into  the  concave  side  of  the  venous  trunks  in  this  region. 
At  the  apex  of  the  papillse,  the  capillaries  of  the  medulla  form  con- 
nections with  the  rosette-like  capillaries  surrounding  the  excretory 
ducts  (at  I).  [The  circulation  through  the  vasa  recta  is  most  im- 
portant. The  cortical  system  of  blood-vessels  communicates  with  the 
medullary,  but  as  most  of  the  vasa  recta  are  derived  from  the  same 
vessel  as  the  interlobular  arteries,  it  is  evident  that  they  may  form  a 
.  side-stream  through  which  much  of  the  blood  may  pass  without 
traversing  the  vessels  of  the  cortex.  Very  probably  the  "  short-cut " 
is  useful  in  congestions  of  the  kidney.  The  amount  of  distension  of 
these  vessels  also  will  influence  the  size  of  the  tubules  lying  between 
them.  There  are  two  other  channels  by  which  blood  can  pass  through 
the  renal  arteries  without  traversing  the  glomeruli — (1)  The  anas- 
tomoses between  the  terminal  twigs  of  the  renal  artery  and  the 
sub-capsular  venous  plexus;  (2)  small  branches  given  ofif,  either  by 
the  interlobular  arteries,  or  by  the  afferent  vessels  before  entering  the 
glomeruli  (Brunton).] 

The  blood-vessels  of  the  external  capsule  are  derived  partly  from  the 
terminal  twigs  of  the  interlobular  arteries,  partly  from  branches  of  the  supra-renal. 
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phrenic,  and  lumbar  arteries,  which  anastomose  with  each  other.  The  capillary- 
net- work  has  simple  meshes.  The  origins  of  the  veins  pass  partly  into  the  yens 
fftellat®,  and  partly  into  the  veins  of  the  same  name  as  the  arteries.  The  connec- 
tion of  the  area  of  the  renal  artery  with  the  other  arteries  of  the  capsule  e^qilains 
why,  after  ligature  of  the  renal  artery  within  the  kidney,  the  blood  still  circulates 
in  the  external  capsule  (C.  Ludwig,  M.  Herrmann);  in  fact,  these  blood-vessels  still 
supply  the  kidney  with  a  small  amount  of  blood,  which  may  suffice  to  permit  a 
slight  secretion  of  urine  to  take  place  (Litten,  Pautynski). 

III.  The  lymphatics  form  a  wide-meshed  plexus  in  the  capsule  of  the  kidney, 
.while  under  it  they  form  large  spaces  (Ueidenhain).  In  the  parenchyma  of  the 
kidney,  the  lymphatics  are  said  to  be  represented  by  large  slits  devoid  of  a  wall 
.  in  the  tissues,  and  are  more  numerous  around  the  convoluted  than  the  straight 
tubules.  The  slits  pass  to  the  surface  of  the  kidney,  and  expaad  under  the 
capsule.  When  the  lymphatics  are  greatly  distended,  they  tend  to  compress  the 
uriniferous  tubules  and  the  blood-vessels  (C.  Ludwig  and  Zawarykin).  According 
to  Ryndowsky,  the  uriDiferous  tubules  are  surrounded  by  true  lymphatics  with  an 
endothelial  lining,  and  they  even  penetrate  into  the  capsule  of  Bowman  along  with 
the  vas  afferens.  [The  large  blood-vessels  are  also  surrounded  by  lymphatics.] 
Large  lymphatics,  provided  with  valves,  pass  out  of  the  kidney  at  the  hilum, 
while  others  emerge  through  the  capsule;  both  sets  are  connected  with  the  lymph- 
spaces  of  the  capsule  of  the  kidney  (A.  Budge). 

lY.  The  nerves  form  small  trunks  provided  with  ganglia  [Beale],  and 
accompany  the  blood-vessels.  [They  are  derived  from  the  renal  plexus  and  the 
lesser  splanchnic  nerve.]  They  contain  medullated  and  non-medullated  fibres, 
and  the  latter  have  been  traced  by  W.  Krause  as  far  as  the  apices  of  the  papillsB. 
Their  mode  of  termlDation  is  unknown.  Physiologically,  we  are  certain  that  they 
contain  both  vaso-motor  and  sensory  fibres;  perhaps  there  may  be  also  vaso- 
dilator ^d  secretory  fibres.  • 

The  connective-tissne,  or  intertubular  stroma,  forms  in  the  papilke, 
especially  at  their  apices,  fibrous,  concentric  layers  of  considerable 
thickness  between  the  excretory  tubules  (Fig.  181,  VI).  Further 
outwai'ds,  the  fibrillar  character  becomes  less  distinct,  while  at  the  same 
time  branched  connective-tissue  corpuscles  occur  in  greater  numbers 
(Beer).  In  the  cortex,  the  interstitial  stroma  consists  almost  entirely  of 
branched  corpuscles,  which  anastomose  with  each  other  (Goodsir). 
[There  is  also  a  small  quantity  of  delicate  fibrous  tissue  around  Bow- 
man's capisule,  and  along  the  course  of  the  arteries.  The  connective- 
tissue  often  plays  an  important  r^le  in  pathological  conditions  of  the 
kidney,  as  in  interstitial  nephritis.] 

The  outer  layers  of  the  capsule  of  the  kidney  iire  composed  of  dense 
bundles  of  fibrous  tissue,  while  the  deeper  layers  are  more  loose,  and 
send  processes  into  the  cortical  layers.  The  deeper  layers  also  contain 
non-striped  muscular  fibres  (Eberth,  W.  Krause).  The  fat  surrounding 
the  kidney  is  united  to  the  kidney  partly  by  blood-vessels  and  partly 
by  bands  of  connective-tissue.* 

[The  sub-capsular  layer  of  the  cortex  and  a  thin  layer  next  the 
boundary  zone  (Fig.  179,  a,  a)  are  devoid  of  Malpighian  corpuscles.] 
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255.  The  Urine. 

I.  Physical  Characters  of  the  Urine. 

A  knowledge  of  the  composition  of  this  secretion  is  of  the  greatest 
value  to  the  physician  and  snrgeon. 

1.  The  quantity  of  urine  passed  by  an  adult  man  in  24  hours  is 
between  1,000  and  1,500  cubic  centimetres,  or  about  50  ozs.^  and  in 
the  femalg  900-1,200  c.a  The  minimum  is  secreted  between  2-4  A.M^ 
and  the  maximum  between  2-4  p.m.  (Weigelin). 

The  amoimt  is  diminished  by  profuse  sweating,  diarrhoea,  thirst,  non-nitro- 
genons  food,  diminution  of  the  general  blood-pressure,  after  severe  hffimorrhage, 
and  in  certain  diseases  of  the  kidneys.  The  minimum,  which  may  be  nonnal,  is 
400-500  C.C. 

It  is  increased  by  increase  of  the  general  blood-pressure,  or  of  the  pressure 
within  the  area  of  the  renal  artery,  by  copious  drinking,  contraction  of  the 
cutaneous  vessels  through  the  action  of  cold,  the  passage  of  a  large  amount  of 
soluble  substances  (urea,  salts,  and  sugar)  into  the  urine,  a  large  amount  of  nitro- 
genous food,  as  well  as  by  various  drugs,  such  as  digitalis,  alcohol,  squiUs.  J^ter 
taking  fluids  charged  with  CO2,  the  amount  of  urine  is  increased  during  the 
following  hours  (Quincke). 

The  secretion  is  influenced  directly  by  the  nervoue  system,  as  in  the  sudden 
polyuria  following  nervous  excitement,  such  as  hysteria,  [when  the  person 
usuaUy  passes  a  large  amount  of  very  pale-coloured  urine];  after  an  epileptic 
attack  and  also  after  pleasurable  excitement  (Beneke).  Lastly,  we  have  the  poly- 
uria unaccompanied  by  the  presence  of  sugar  in  the  urine,  which  follows  injury  to 
a  certain  part  of  the  floor  of  the  fourth  ventricle  (CI.  Bernard).  The  urine  is 
measured  in  tall  graduated  cylindrical  vessels  (Fig.  184).  [In  estimating  the 
quantity  of  urine  passed,  the  patient  must,  of  course,  be  directed  always  to  empty 
his  bladder  at  a  j)articular  hour,  and  collect 'the  urine 'passed  during  the  next  24 
hours.] 

2.  The  specific  gravity  varies,  as  a  mean,  between  1,015  and  1,025; 
the  minimum,  after  copious  draughts  of  water,  may  be  1,002;  while 
the  maximum,  after  profuse  perspiration  and  great  thirst,  may  be  1,040. 
The  mean  specific  gravity  is  about  1,020.  In  newly-born  children,  the 
specific  gravity  falls  very  considerably  during  the  first  three  days,  which 
is  due  to  the  ingestion  of  a  large  amount  of  food  (Martin  and  Euge). 
[The  specific  gravity  of  the  urine  in  infants  is  about  1,003-1,006.] 
A  healthy  adult  excretes  about  50  grams.  [1^  oz.]  daily  of  solids  by  the 
urine. 

The  specific  gravity  is  estimated  by  means  of  a  urinometer  (Fig.  185), 
the  urine  being  at  the  temperature  of  16°C.  [The  urinometer,  when  placed  in 
distilled  water,  ought  to  float  at  the  mark  0**  or  zero,  which  is  conventionally 
spoken  of  as  1,()(X).  The  urine  itself  ought  to  be  tested  in  a  tall  cylindrical  glass, 
of  such  width  that  the  urinometer,  when  placed  in  it,  may  float  freely  and  not 
touch  the  sides.  Take  care  that  no  air-bubbles  adhere  to  the  instrument.  When 
reading  off  the  mark  on  the  stem,  raise  the  vessel  to  the  eye  and  bring  the  eye  on 
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a  level  with  tbe  nirfaoe  of  the  vater,  Dotmg  the  number  which  correaponda  to  this. 
This  mle  ie  adopted,  becanse  the  water  rises  on  the  gtem  in  virtue  of  capillarity. 
It  ia  essential  that  a  sample  of  the  maed  urine  of  the  twenty-foor  houn  be  used 
for  ascertainiDg  the  mean  specific  gravity,] 

Chriatiion's  FornmlE. — To  estimate  the  amount  of  solids  in  the  urine.  This 
may  bo  done  approidniately  by  means  of  the  formula  of  Trapp  or  Uaeeer,  or,  as  it 
ia  called  in  this  country,  "  Chriatison's  formula,"  viz.,  "  Maltiply  the  two  Uat 
figures  of  a  specific  gravity  expressed  in  fonr  fignres  by  2'33"  (Cbristison  and 
Baeser),  or  by  2  (Trapp),  or  22  (Loebisch).  This  gives  the  amount  of  solids  in 
every  1,000  parts.  [Suppose  a  person  passes  1,200  c.c.  Brine  ia  twenty-four  hours, 
and  the  speciiic  gravity  is  1,022,  then 

32  X  2-33  =  51 -25 grins.  inl,000c.o. 
1,200  C.C. 
1,000 !  1,200 :  !  51-86 :  x  =  °'"^^'^°°  =  61-51  grma.] 

Direct  eBtimation  to  deter- 
mine the  exact  amount  of  solids. 
Place  15  c.c.  of  urine  in  a  capsole 
of  known  weight,  and  evaporate 
it  over  a  water-bath,  afterwards 
completely  dry  the  residue  in  an 
air-bath  at  100°C.,  and  then  cool 
it  over  concentrated  sulphurio 
acid.  During  the  process,  a  small 
amonnt  of  urea  is  decomposed,  so 
that  tbe  value  obtained  is  slightly 
too  small.  Of  course,  Che  specific 
gravity  varies  with  tbe  amount  of 
water  in  the  urine.  The  moal  eon- 
ceittraUd  (highest  specific  gravity) 
nrine  is  the  morning  urine  {Urina 
nitclis),  especially  after  being  re- 
tained in  the  bladder — t.g.,  in 
prolonged  sleep  a  certain  amount 
of  water  ia  absorbed,  so  that  the 
nrine  becomes  more  coneentrat«d. 
The  moat  dilute  urine  is  secreted 
after  copious  drinking  ( Urina 
polite).  Under  fiatholoqical  condi- 
ttoru,  as  in  diabetes  mellitus(§  175), 
the  urine  is,  at  the  same  time, 
very  copions  (as  mnch  as  10,000 
C.C.I,  and  very  concentrated,  while 
tbe  specific  gravity  varies  from 
1,030-1,060.  [The  high  specific 
gravity  in  this  case  is  due  to  the 
presence  of  a  large  amonnt  of 
grape  SDgar.]  In  fever  the  itrine 
ia  concentrated,  and  small  in 
amount.  .  Polyuria,  due  to  certain 
nervoDs  conditions,  ia  character- 
ised by  a  vei7  dilute  and  very  copious  secretion  of  urine,  and  the  specific  gravi^ 
may  be  as  low  aa  1,001. 


^.  184. 

Graduated  cylinder  and 

fUsk  for  measuring  the 


Kg.  186. 


Urinometer. 


AMOUNT  OP  URINART  CONSTITUENTS. 


527 


[Amounts  of 'the  Several  Ubikabt  Constitusnts. 


ESRXUL 

J.  VOOSL. 

lian.  28  yean  of  age,  weight  7*2  kilos.. 

• 

obBerratlODs  over  8  days. 

Mean  of 

COXSTITUBXTflL 

anahraea  la 
different 

■ 
« 

la  2i  hours. 

IndlTidnala. 

Minldiiiin. 

MaTlmam. 

MeML 

In  94  hoars. 

C.C. 

cc 

cc 

CO. 

Quantity,     .... 

1099 

2150 

1491 

1500 

Specific  Gravity,  . 
Water, 

1015 

1027 

1021 

1020 

•  •  • 

•  #• 

•  •  ■ 

1440 

Solids, . 

•  •  • 

•  •  • 

•  «• 

60 

Urea 

32-00 

43-4 

381 

35 

Uric  Acid,    . 

0-H9 

1-37 

0-94 

0-75 

Sodium  Chloride, 

15-00 

19-20 

16-8 

16-5 

Phosphoric  Acid, . 

300 

407 

.   3-42 

3-5 

Sulphuric  Acid,    . 

2-26 

2-84 

2-48 

2-0 

Phosphorus,  Calcium,  . 

0^ 

0-51 

0  38 

•  •  « 

Magi^esium  Phosphate, 

0-67    • 

1-29  • 

0-97 

*  •  • 

Total  quantity  of  Earthy  \ 
Phosphates,       .        .       /    . 

0-92 

1-80 

1-35 

1-2 

Ammonia,     .... 

0-74 

1-01 

0-83 

0-66 

Free  Acid,    .... 

1-74 

2-20 

a -95 

3- 

(After  Loebisch.)] 


[Amoitnts  of  the  several  Urinary  CoNsnTUSNTS  Passed  in  24  Hours. 


« 

By  an  arerage  Blan 
of  66  Kilos. 

Per  1  Kilo,  of 
Body-weighL 

Water,     .... 

Total  Solids^    . 

Urea,        .... 

Uric  Acid, 

Hippuric  Acid, 

Kreatinin,         .... 

Pigment  and  other  Substances, 

Sul])huric  Acid, 

Phos]>horic  Acid, 

Chlorine, .      • . 

Ammonia,        .... 

Potassium,       .... 

Sodium,    ..... 

Calcium,  ..... 

Magnesium,     .... 

,• 

• 

Qrammes. 
1500-000 
72-000 
33-1^ 

0-556 

0-400 

0-910 
10  000 

2012 

3164 

7-000  (8-12) 

0-770 

2-500 
11-090 

0-260 

0-207 

Grammea. 
23-000 
1100 
0-500 
0-0084 
0-0060 
00140 
01510 
0-0305 
0-0486 
01260 

•  •  • 

•  •  • 

•  •  ■ 
• «  • 

(After  Parkes.)] 

The  colour  of  the  urine  depends  on  the  colouring  matters  present  in 
it,  and  varies  greatly,  but  the  differences  in  colour  are  due  chiefly  to 
Tariations  in  the  amount  of  water.    Normally  it  has  a  pale  strair 
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colour,  but  if  it  contains  more  water  than  usual  it  has  a  very  pale  tint, 
and  in  certain  cases  (as  in  the  sadden  polyuria  occurring  after  an  attack 
of  hysteria),  it  may  be  as  clear  as  water.  Concentrated  urine,  as  after 
meals,  or  the  first  urine 
passed  In  the  morning,  has 
a  darker  colour ;  it  is  dark 
yellow  or  brownish-red ; 
while  it  is  usually  dark 
coloured  in  fever. 

F<etal  urine,  anil  aljo  the 
urine  fint  pused  after  birth, 
are  as  clear  and  coloorlese  as 
water.  The  admiitnre  of  vari- 
oUB  subataJices  with  the  arine 
altert  iU  colour.  When  miied 
with  biood,  according  to  the 
degree  of  decompoBitioa  of  the 
haemoglobin,  the  nrine  ii  red 
or  dork-browniah  red  [more 
frequently  it  is  tmo^],  espe- 
ciall;  if  the  blood  comea  from 
the  hidneya  and  the  urine  ia 
acid.  When  mixed  with  bile- 
pigments,  it  ia  of  a  deep  yellow- 
ish-brown, with  an  intense 
yellow  froth ;  senna  taken 
inlenially  makea  it  intensely 
red,  rhubarb  browniah-yellow, 
and  carbolic  acid  black.  Urine 
ondergoing  the  ammoniacal 
fermentation  may  present  a 
dirty  bluish  appearance  owing 
to  the  formation  of  indigo.  |I 
have  seen  a  peculiar  blue  colour, 
produced  by  putrefaction,  in  the 
nrine  obtained  from  a  rabbit 
poisoned  with  carbolic  acid. — 
W,  Stirling.]  The  colour  of 
nrine  ia  estimated  by  Neubauer 
and  Vogel  by  means  of  an  em- 
pirical "  colodr-Bcale. " 
nuOreiCfllloe. — Urine,  but  especially  ammoniacal  urine,  exhibits  fluorescence, 
which  disappears  ou  the  addition  of  sn  acid,  and  teappears  after  the  addition  of  an 
alkali  {Schiinbein,  Schleiss,  v.  Liiwenfeld). 

■dcoub  clond.— Normal  urine,  after  standing  for  several  honra,  deposits  a  fine 
clond  of  vesical  mucus  [like  delicate  cotton  wool].  The  froth  of  normal  nrine  is 
white,  and  disappears  pretty  rapidly,  while  that  on  an  albuminons  nrine  persists 
ranch  longer.  The  orine  cot  unfrcquently  contains  some  tpilMial  cetii  irom  the 
bladder  and  urethra. 

ConaiBtence. — Normal  urine,  like  water,  is  a  freely  mobile  fluid. 
lATge  quautjlies  of  sugar,  albumin,  or  mucns  make  it  less  molnle ;  whila  the 
so-called  chylous  nrine  of  warm  climates  may  be  like  a  white  jelly. 
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*  The  taste  is  a  saline  bitter^  the  odour  is  characteristic  and  aromatic. 

Ammoniacal  urine  has  the  odour  of  ammonia.  Turpentine  taken  internally 
gives  rise  to  the  odour  of  violets,  copaiba  and  cubebs  a  strongly  aromatic,  and 
asparagus  an  unpleasant  odour.  Valerian,  assafcetida,  and  castoreum  [but  not 
camphor]  also  produce  a  characteristic  odour.  [The.  odour  of  diabetic  urine  is 
described  as  **  sweet."] 

The  reaction  of  normal  nrine  is  acid,  owing  to  the  presence  of  acid 
salts,  chiefly  acid  sodic  phosphate,  which  seems  to  be  derived  from 
basic  sodic  phosphate,  owing  to  the  uric  acid,  hippuric  acid,  sulphuric 
add  and  COg  taking  to  themselves  part  of  the  soda,  so  that  the  phos- 
phoric acid  forms  an  acid  salt.  After  a  diet  of  flesh,  acid  potassic 
phosphate  is  the  cause  of  thd  acidity.  That  the  urine  contains  no  free 
acid  is  proved  by  the  fact  that  it  gives  no  precipitate  with  sodic  hypo- 
sulphite (v.  Voit,  Huppert). 

The  acid  reaction  is  increased  after  the  use  of  acids,  e.^.,  hydrochloric  and 
phosphoric,  also  by  ammoniacsl  salts,  which  are  changed  within  the  body  into 
nitric  acid;  lastly,  after  prolonged  muscular  exertion  (]^(ipfel.  Fustier).  The 
morning  urine  is  strongly  acid. 

The  urine  becomes  less  add  or  alkaline — (1)  By  the  use  of  caustic  alkalies, 
alkaline  carbonates,  or  alkaline  salts  of  the  vegetable  acids,  the  last  being 
■  oxidised  within  the  body  into  carbonates.  (2)  By  the  presence  of  calcic,.or  magnesio 
carbonate.  (3)  By  admixture  with  alkaline  blood,  or  pus.  (4)  By  removing  the 
gastric  juice  through  a  gastric  fistula  (p.  330 — Maly);  further,  from  1-3  hours 
after  a  meaL  [The  reaction  of  urine  passed  during  digestion  may  be  neutral,  or 
even  alkaline.  This  is  due  either  to  the  formation  of  acid  in  the  stomach  (Bence 
Jones),  or  to  a  fixed  alkali  derived  from  the  basic  alkaline  phosphates  taken  with 
the  food  (W.  Roberts).]  (5)  The  urine  is  rarely  alkaline  in  anaemia,  owing  to  a 
deficiency  of  phosphoric  and  sulphuric  acids.  [(6)  The  nature  of  the  food — vegetable 
food  makes  it  alkaline.] 

Method. — [The  reaction  of  urine  is  tested  .by  means  of  litmus  paper.  Normal 
urine  turns  blue  litmus  paper  red,  and  does  not  afifect  red  litmus.  An  alkaline 
urine  makes  red  litmus  paper  blue,  while  a  neutral  urine  does  not  alter  either  blue 
or  red  litmus  paper.]  Sometimes  vi<^t  litmus  paper  is  used,  which  becomes  red 
in  acid,  and  blue  in  alkaline  urine. 

Estimation  of  the  Acidity. — ^This  is  done  by  determining  the  amount  of 
caustic  soda  necessary  to  produce  a  neutral  reaction  in  100  c.c.  of  urine.  A  soda 
solution,  containing  0*0031  grm.  of  soda  in  each  c.o.  is  used;  1  cc.  of  this 
solution  exactly  neutralises*0'0063  grm.  oxalic  acid.  To  the  100  cc.  of  urine  in 
a  beaker,  soda  solution  is  added,  drop  by  drop,  from  a  graduated  burette 
(Fig.  186),  untU  violet  litmus  paper  becomes  neither  red  nor  blue.  The  number  of 
cc.  of  soda  solution  is  now  read  off  on  the  burette,  and  as  each  cc.  corresponds 
to  0'0063  grm.  oxalic  acid,  we  can  easily  calculate  the  amount  of  oxalic  acid; 
which  is  equivalent  to  the  degree  of  acidity  in  100  cc.  of  urine.  So  that  the 
degree  of  acidity  of  the  urine  is  expressed  by  the  equivalent  amount  of  oxalic  acid, 
which  is  completely  neutralised  by  the  same  amount  of  caustic  soda. 

Urine  of  Mammals.— The  urine  of  eamivora  is  pale,  passing  into  a  golden 
yellow ;  its  specific  gravity  is  high,  and  its  reaction  strongly  acid.  The  urine  of 
herbivora  is  alkaline ;  it  shows  a  precipitate  of  earthy  carbonates  (hence,  it 
effervesces  on  the  addition  of  an  acid),  and  of  basic  earthy  phosphates. '  During 
hunger,  the  urine  presents  the  character  of  that  of  eamivora,  as  the  animal  in  this 
case  practically  lives  upon  its  own  flesh  and  tissues. 
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256.  Urea  =  CO  (NHa)^. 

Urea^  the  diamide  of  CO^,  or  carbamide  is  the  chief  end-product  of  the 
oxidation  of  the  nitrogenous  constituents  of  the  body.  Its  composition 
is  comparatively  simple  :  1  carbonic  acid +2  ammonia^  1  water.  It 
crystallises  in  silky  four^sided  prisms  with  oblique  ends  (rhombic 
system),  without  water  of  crystallisation  (Fig.  187,  a),  but  when  it 
crystallises  rapidly  it  forms  delicate  white  needles.     It  has  no  action  on 

litmus,  is  odourless, 
and  has  a  weak, 
bitter,  cooling  taste, 
like  saltpetre ;  is 
readily  soluble  in 
water  and  alcohol, 
but  insolublein  ether. 
It  is  an  isomer  of 
ammonic  cyanate, 
from  which  it  may 
be  prepared  by  eva- 
poration  (Wohler, 
1828),  whereby  the 
atoms  rearrange 
themselves.  It  can 
Fig.  187.  be  prepared  artifici- 

a,  Urea ;  ^,  hexagonal  plates,  and  c,  smaller  scales,  or     ally    in    many   other 
rhombic  plates  of  ucea  nitrate.  ways. 

Decomposition. — When  heated  above  120**,  it  gives  off  ammonia  vapour,  while 

a  glassy  mass  of  biuret  and  cyanic  acid  is  left.    When  urine  undergoes  the  alkaline 

*  fermentation  (§  263),  or  when  urea  is  treated  with  strong  mineral  acids,  or  boiled 

with  the  hydrates  of  the  alkalies,  or  super-heated  with  water  (240''C.),  it  takes 

up  two  molecules  of  water  and  produces  ammonium  carbonate,  thus — 

CO  (NH2)s+2H,0=CO  (NH4O),. 

When  brought  into  relation  with  nitrous  acid,  it  splits  up  into  water,  CO^,  and  N. 
Hie  two  last  decompositions  are  made  the  basis  of  methods  for  the  quantitative 
estimation  of  urea  (p.  533). 

ttnantity. — ^In  normal  urine,  urea  occurs  to  the  extent  of  2'5  (o. 

3*2  per  cent.    An  adult  man  excretes  daily  from  30  to  40  grms. 


QUAJSnTTY  OF  URSA.  531 

[500  grains^  or  a  little  over  1  oz.];  women  excrete  less,  while 
children  excrete  relatively  more;  owing  to  the  relatively  greater 
metabolism  in  children,  the  unit  weight  of  body  produces  more  urea 
than  the  unit  weight  of  an  adult  in  the  proportion  of  1*7  : 1.  If  the 
metabolism  of  the  body  is  in  a  condition  of  equilibrium  (§236),  the 
urea  excreted  contains  almost  as  much  N,  as  is  taken  in  with  the 
nitrogenous  constituents  of  the  food* 

YariationB  in  the  ftna&tity. — ^The  amount  of  urea  increases  when 
the  amount  of  proteids  in  the  food  is  increased ;  and  also  when  there 
is  a  more  rapid  breaking  up  of  the  nitrogenous  tissues  of  the  body 
itself.  As  this  breaking  up  is  increased  by  diminution  of  0  (Frankel^ 
Peozoldt  and  Fleischer),  and  by  loss  of  blood  (Bauer) ;  so  these  con- 
ditions also  increase  the  urea  (§41).  It  is  also  increased  by  drinking 
large  draughts  of  water,  by  various  salts,  by  frequent  urination,  and  by 
exposure  to  compressed  air.  In  diabetic  persons,  who  eat  very  laige 
quantities  of  food,  it  may  exceed  100  grms.  [over  3  o».]  per  day; 
during  hunger,  it  sinks  to  6*1  grms.  [90  grains]  per  day  (Seegen). 
During  inanition,  the  maximum  amount  is  excreted  towards  mid-day, 
and  the  minimum  in  the  morning.  The  daily  amount  of  urea  varies 
with  the  quantity  of  urine;  three  to  five  hours  after  a  meal,  the 
formation  of  urea  is  at  a  maximum,  when  it  sinks  and '  reaches  its 
TniniTniiTn  during  the  night  MusciUar  exercise^  as  a  rule,  does  not 
increase  it  (v.  Yoit,  Fick  and  Wislicenus — §  295),  but  only  when 
deficiency  of  0,  causing  dyspnoea,  occurs  at  the  same  time  (Oppenheim). 

Pathological. — In  acute  febrile  iDflammations  and  in  feven  generally  (§  220, 3), 
the  urea  increases  until  the  crisis  is  reached,  and  afterwarda  it  diminishes  (Vogel). 
After  the  fever  has  passed  off,  the  amount  excreted  is  often  under  the  normal.  In 
some  cases  of  high  fever,  although  the  amount  of  urea  formed  is  increased,  it  may 
not  be  excreted;  there  is  a  retention  of  the  ttrea  (Naunyn),  while,  later  on,,  this 
may  lead  to  an  increased  excretion.  In  chronic  disecues,  the  amount  depends 
largely  upon  the  state  of  the  nutrition,  the  metabolism,  and  also  upon  the  degree 
of  fever  present.  Degenerative,  changes  in  the  liver,  «.^.,  due  to  poisoning  with 
phosphorus,  may  be  accompanied  by  diminished  excretion  of  urea  and  increased 
excretion  of  ammonia  (Stadelmann).  It  is  increased  in  man  by  morphia,  narcotin, 
narcein,  papaverin,  codein,  thebain  (Fubini),  arsenic  (G&thgens),  compounds  of 
antimony,  and  small  doses  of  phosphorus  (Bauer),  which  favour  the  decomx)osition 
of  proteids.    Quinine  diminishes  it. 

Occurrence. — ^Urea  occurs  in  the  blood  (1  :  10,000),  lymph,  chyle 

(2  ;  1,000),  liver,  lymph-glands,  spleen,  lungs,  brain,  eye,  bile,  saliva, 

amniotic  fluid,  and  pathologically  in  sweat,  e.g.,  in^cholera,  in  the  vomit 

and  sweat  of  ursemic  patients,  and  in  dropsical  fluids.      As  yet  it 

has  not  been  definitely  determined  where  urea'  is  formed,  but  the 

liver   and,  perhaps,  the   lymph-glands,  are   organs  where  it  is   pro* 

duced.     Electrical  stimulation  of  the  liver^  through  the  sldn   causes 

an  increase  in  the  amount  of  urea  eliminated.    Extensive  destruction 
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of  the  liyer,  as  in  marked  fatty  degeneration,  e.g.,  by  phosphoms 
poiBoningy  enormously  diminishes  the  amount. 

Formation. — It  is  certain  that  it  is  the  chief  end-prodact  of  the  metabolism  of 
the  proteids.  Less  oxidised  prodacts  are  nric  acid,  guaaiii,  xanthiD,  hypoxanthin, 
alloxan,  allantoin.  Uric  add  administered  intemiJly  appears  in  the  niine  as  urea; 
alloxan  and  hypoxanthin  can  be  changed  directly  into  urea. 

Daring  digestion,  the  proteids  are  converted  into  lencin,  tyrosin,  glycin,  and 
asparaginic  acid.  If  the  amido-acids,  glycin,  leadn  or  asparaginic  acid,  or 
ammoniacal  salts,  be  given  to  an  animal,  the  amount  of  urea  excreted  is  increased. 
As  the  molecule  of  the  amido-acids  contains  only  one  atom  of  N,  and  the  molecule 
of  urea  contains  two  of  N,  it  is  probable  that  urea  may  be  formed  synthetically  from 
these  acids.  It  is  possible  that  the  amido-acids  meet  with  nitrogenous  residues 
in  the  juices  of  the  body,  «.^.,  carbamic  acid  or  cyanic  acid.  The  union  of  these 
may  produce  urea.  According  to  Salkowski,  feeding  with  these  substances  causes 
the  breaking-up  of  the  proper  proteids  of  the  body  so  as  to  provide  the  necessary 
components.  Schmiedeberg  is  of  opinion  that  urea  is  formed  in  the  body  from 
ammonia  carbonate  by  the  removal  of  water;  and  v.  Schr(5der  found  that,  when  he 
passed  blood,  containing  ammonia  carbonate,  through  a  fresh  liver,  the  urea  in 
the  blood  was  greatly  increased.  Drechsel  succeeded  in  producing  urea  at  ordinary 
temperatures  by  the  rapid  alternating  oxidation  and  reduction  of  a  watery  solution 
of  ammonia  carbamate.  p¥e  know  that  the  greater  part  of  the  urea  exists  in 
the  blood,  and  that  the  renal  epithelium  removes  it  from  the  blood.  Although  it 
is  surmised  that  some  of  the  proteid  bodies  named  above,  more  especially  leudn, 
and  perhaps  also  kreatin,  are  the  precursors  of  urea,  yet  we  cannot  say  definitely 
how  or  where  the  transf ormation  takes  place.  Perhaps  this  is  e£fected  in  the  liver, 
and  it  may  be  also  in  the  spleen.] 

Preparation. — Urea  is  readUy  prepared  from  dog's  urine  (especially  after  a  diet 
of  flesh)  by  evaporating  it  to  a  syrupy  consistence,  extracting  it  with  alcohol,  and 
again  evaporating  the  filtrate  to  a  syrupy  consistence.  The  crystals  which  separate 
are  washed  with  water  to  remove  any  extractives  that  may  be  mixed  with  them 
and  dissolved  in  absolute  alcohol.  It  is  then  filtered  and  allowed  to  crystallise 
slowly.  Or,  human  urine  may  be  evaporated  to  one-sixth  of  its  volume  and 
cooled  to  0%  and  excess  of  strong  nitric  acid  added,  which  precipitates  urea  nitrate 
mixed  with  colouring  matter.  This  precipitate  is  pressed  in  blotting-paper,  then 
dissolved  in  boiling  water  containing  animal  charcoal  and  filtered  while  hot.    When 

it  cools,  colourless  crystals  of  urea  nitrate 
separate  (Fig.  187,  c).  These  crystals  are 
redissolved  in  warm  water,  and  barium 
carbonate  added  until  effervescence  ceases; 
urea  and  barium  carbonate  are  formed. 
Evaporate  to  dryness,  extract  with  absolute 
alcohol,  filter,  and  allow  evaporation  to  take 
place,  when  urea  separates. 

Componnds    of  Urea. — Urea   com- 
bines with  acids,  bases,  and  salts.    The 
PI    2gg  following  are  the  most  important  com- 

Perf ect  crystals  of  oxalate  of  urea,     binations ; — 

1.  Urea  nitrate  (GH4N2O,  HNOs)  is  easily  soluble  in  water,  and  not  so  soluble 
in  water  containing  nitric  acid.  It  forms  characteristic  rhombic  crystals  (Fig. 
187,  b  and  c).  Sometimes  the  formation  of  these  crystals  is  used  to  determine 
microacopicaUy  the  presence  of  urea  in  a  fluid.    If  a  fluid  is  suspected  to  contain 
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nuniite  IraoeB  of  ores,  it  Is  ctaicentxated  and  a  drop  of  the  fluid  iipnt  od  a,  micn- 
3co[nc  slide.  A  thre»d  is  plac«dinthefltiid,  and  the  whol«  is  covered  with  aoover- 
glasa.  A  drop  of  concentrated  nitric  acid  ia  allowed  to  flow  nnder  the  cover-glus, 
and  after  a  time  crystals  of  nrea  nitrate  adhering  to  the  thread  may  be  detected 
with  the  microscope. 

2-  Urea  oxalate  (CHiN,0) 2  C,H,0t+H|0ia,  made  by  mizinK  »  conceatntad 
solution  of  area  with  oxalic  acid.  The  cryitale  form  groups  of  rhombio  tables, 
often  of  irregolar  shape.  It  ia  only  slightly  solnble  in  cold  water,  and  (till  less  so 
in  alcohol  (Fig.  188). 

3.  Urea  phOSpIlftte  (CEiKaO,  HgPOt),  forma  large,  glancing,  rhombic  crystals, 
very  easily  Bolable  in  water.  It  is  obtained  by  evaporating  the  nrin*  of  pigs  fed  on 
dongh. 

4.  Sodic  chloride  +  urea  (CH1N2O,  NaCl  +  H^),  forms  rhombic,  shining 
prisms,  which  are  sometimes  deposited  in  evaporated  human  urine. 

6.  Urea  +  mercartc  nitrate  i>  obtained  as  a  white  cheesy  precipitate,  when 
mercuric  nitrate  is  added  to  a  solaldon  of  nrea.  Liebig's  titratioa  method  for  urea 
depends  on  this  reaction  (£  Wi,  II.). 

257.  dualitative  and  ftuantitative  Estimation  of  Urea. 

I'  The  ftnalitatiTe  Eatimation  of  Urea. — (i.)  /(  mag  bt  italaied  at  tuch. 
If  oAumtn  be  present,  add  to  the  f  uid  three  to  four  times  its  volume  of  alcohol, 
and,  after  several  hoars,  filter.  Evaporate  the  filtrate  over  a 
water-bath,  and  dissolve  the  residae  in  a  taw  drops  of  water. 

(2.)  The  crystals  of  urea  nitrate  may  be  detected  microscopi- 
cally (p.  530). 

(3.)  SodiC  hypobromite  breaks  np  urea  into  COj,  HgO 
and  N.  On  this  reaction  depends  the  Knop-HufneT  method  of 
qnantitative  estimation.  The  N  rises  in  the  form  of  small 
bubbles  in  the  mixed  fluid,  while  the  CO]  is  absorbed  by  the 
finid.    [The  reaction  is  the  following:^ 

N,H<CO  +  3NaBrO  -  3NaBr  +  CO,  +  2HjO  +  K. 
The  nitrogen  is  collected  and  estimated  in  a  graduated  tube, 
and  the  amonut  of  urea  calcalated  from  the  volume  of  uitrogen. 
A  convenient  apparatus  for  this  purpose  is  that  of  Russell  and 
West.] 

n.  Qoantitative  EatimatioiL  of  Urea  in  Uriitfl  by 
Liebig's  Kethod. — Bj  means  of  a  graduiUied  pipette 
(Fig.  189),  40  cubic  centimetres  of  the  nrine  are  taken 
np  and  placed  in  a  beaker.  To  this  is  added  30  cubic 
centimetres  ot  barium-mixiwe  to  precipitate  the  sul- 
phuric and  phosphoric  acids.  The  barium-mixtUre 
consists  of  1  vol.  of  a  cpid  saturated  solution  of  barium 
nitrate  and  2  vols,  of  a  cold  saturated  solutiou  of 
barium  hydrate.  Filter  through  a  dry  filter,  and  take 
15  cabic  centimetres  of  the  filtrate,  which  correspond  to 
10  cc.  0/ urine,  and  place  in  a  beaker. 

AUoT  a  titrated  standard  solution  of  mercuric  nilrate 
to  drop  from  a  burette  into  the  urine  nntil  a 
predpitate  no  longer   occurs.      The   mercuric  nitrate 
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is  2nade  of  sncli  a  strength  that  1  cubic  centimetre  of  it  will 
combine  with  10  milligrammes  of  urea.  Test  a  drop  of  the 
mixture  from  time  to  time  in  a  watch-glass  with  a  solution  of  sodic 
carbanatey  which  is  called  the  indicaior.  Whenever  the  slightest  excess 
of  mercuric  nitrate  is  added,  the  mixture  strikes  a  ydlow  colour  with  the 
soda.  The  standard  solution  must  be  added  drop  by  drop  until  this 
result  is  obtained.  Bead  off  the  number  of  cubic  centimetres  of  the 
standard  solution  used;  as  each  centimetre  corresponds  to  10  milli- 
grammes of  urea,  just  multiply  by  10,  and  the  amount  of  urea  in  10 
cubic  centimetres  of  urine  is  obtained. 

This  method  does  not  give  quite  accurate  results  even  in  nonnal  urine.  To  urine 
Oflntaining  much  phosphates  is  added  an  equal  volume  of  the  barium-mixture. 
Very  acid  urines  may  require  several  volumes  to  be  added.  Urine  containing 
albumin  or  blood  must  be  boiled,  after  the  addition  of  a  few  drops  of  acetic  acid, 
to  remove  the  albumin.  The  sodio  chloride  in  the  urine  also  interferes  with  the 
accuracy  of  the  process. 

258.  Uric  Acid =05^403. 

Formula  and  Quantity. — Uric  acid  [probably  tetronyldicyanamid  = 
C3H2O3  (NH .  CN)2]  is  the  nitrogenous  substance  which,  next  to  urea, 
carries  off  most  of  the  N  from  the  body.  The  quantity  excreted  in 
twenty-four  hours  is  0*5  gram.  (7-10  grains);  during  hunger,  0*24 
gram.  (4  grains);  after  a  strongly  animal  diet,  2'11  gram.  (30-35 
grains).     The  proportion  of  urea  to  uric  acid  is  45 : 1. 

It  is  the  chief  nitrogenous  product  in  the  urine  of  birds,  reptiles,  and  insects, 
while  it  is  absent  from  herbivorous  urine. 

If  a  manmial  be  fed  with  uric  acid,  part  of  it  becomes  more  highly 
oxidised  into  urea,  while  the  oxalic  add  in  the  urine  is  also  increased 
(p.  540 — ^v.  Wohler,  v.  Frerichs);  in  fowls,  feeding  with  leucin,  glycin, 
or  asparaginic  acid  (v.  Knieriem),  or  ammonia  carbonate  (Schroder), 
increases  the  amount  of  uric  acid.  When  urea  is  administered  to 
fowls,  it  is  reduced  chiefly  to  uric  acid  (Cech,  H.  Mayer,  Jaff6). 

Properties. — ^Uric  acid  is  dibasic,  colourless,  and  crystallises  in 
various  forms  (Figs.  190  and  191),  belonging  to  the  rhomUc  system. 
When  the  angles  are  rounded,  the  whetstone  form  (a)  is  produced,  and 
if  the  long  surfaces  be  flattened,  six-sided  tables  occur.  Not  unfre- 
quently  diabetic  urine  deposits  spontaneously,  large,  yellow,  transparent 
rosettes  (d).  If  20  c.c.  of  HCl,  or  acetic  acid,  be  added  to  1  litre  of 
urine,  crystals  (b)  are  deposited,  like  cayenne-pepper,  on  the  surface  and 
sides  of  the  glass,  after  several  hours.  [The  crystals  are  deposited  only 
after  the  urine  has  stood  for  several  hours.  The  HCl  decomposes  the 
urates,  and  liberates  the  acid,  which  does  not  crystallise  at  once  owing 
to  the  presence  of  the  phosphates  in  the  urine  (Briicke).     Crystals  of 
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uric  acid  are  usually  yellowisk  in  colour  from  the  pigment  of  the  urine, 
and  they  are  soluble  in  caustic  potash.] 
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Fig.  190. 


Fig.  191. 


Fig.  190.— Uric  acid— <z,  rhombic  tables  (whetstone  form);   i,  banel  form;  c, 

sheaves;  d,  rosettes  of  whetstone  crystals. 

Fig.  191. — Ciystals  of  nric  acid— a,  rHomboidal,  trancated,  hezahedral,  and 
laminated  crystals;  h,  rhombic  prism,  horizontally  truncated  angles  of  the 
rhombic  prism,  imperfect  rhombic  prisms — on  the  last  crystal  in  this  row  is 
placed  a  group  of  rectangular  crystals;  e,  prism  with  a  hexahedral  basic 
surface,  •barrel-shai)ed  figure,  prism  with  a  hexahedral  basal  surface;  d^ 
cylindrical  figure,  stellate  and  superimposed  groups  of  ciystals  x  300  (Wedl). 

Solubility. — It  is  tasteless  and  odourless;  reddens  litmus ;  is  soluble 
in  18,000  parts  of  cold,  and  in  15,000  of  boiling  water,  and  insoluble 
in  alcohol  and  ether.  Horbaczewski  prepared  it  synthetically  (1832)  by 
melting  together  glycin,  or,  as  it  is  also  called,  glycocin  and  urea. 

It  is  £reely  soluble  in  alkaline  carbonates,  borates,  phosphates,  lactates,  and 
acetates,  these  salts  at  the  same  time  removing  a  part  of  the  base;  thus  there  is 
formed  acid  urates  and  acid  salts  from  the  neutral  salts.  It  is  soluble  in  concen- 
trated sulphuric  acid,  from  which  it  may  be  precipitated  by  the  addition  of  water. 
]>UTing  dry  distillation  it  decomposes  into  urea,  cyanuric  acid,  hydrocyanic  acid,  and 
ammonium  carbonate.  Superoxide  of  lead  converts  it  into  urea,  allantoin,  oxalic 
acid,  and  CO2;  while  ozone  forms  the  same  substances,  with  the  addition  of 
alloxan.  When  it  is  reduced  by  H  in  statu  nascendi,  as  by  sodium  amalgam,  it 
forms  xanthin  and  sarkin. 

[Formation* — It  is  a  less  oxidised  metabolic  product  than  urea,  but  it  is  by  no 
means  proved  that  uric  acid  is  a  precursor  of  urea.  The  older  theory  is  that  its 
formation  is  due  to  incomplete  oxidation  of  proteid  substances  in  the  body.  This 
view  is  partly  founded  on  the  fact  that,  uric  acid  can  be  split  up  into  urea  and 
other  bodies  by  oxidation  (nitric  acid),  thus — 
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C5H4N40s+0+H,0=C4H,N,04+CO-[^J 

Uric  acidL  Alloxan.  Urea. 

If  allozan  be  heated  with  baryta  water,  it  is  converted  into  meaoxalic  acid  and 

C4H,N,04+2H20=C,H,05+CO-[  ^J 

Allozan.  Meaoxalic  Urea. 

acid. 

If  uric  add  is  oxidised  by  lead  dioxide  it  is  changed  as  follows  (Fownes)— 

2C5H4N40s+0,+5Hj0=C4H«N40,+2C,H,04+C0|^« 
Uric  acid.  AUantoin.      Oxalic  acid.        Urea. 

The  defective  oxidation  theoiy  was  supposed  to  be  supported  by  the  fact  that 
reptiles,  whose  respiratory  processes  are  slow,  excrete  their  nitrogenous  products 
chiefly  in  the  form  of  uric  acid  or  its  compounds.  But  birds  with  very  rapid 
respiration,  active  metaboUsm,  and  a  high  temperature,  also  eliminate  their 
nitrogen  in  the  urino  chiefly  as  uric  acid.  Nor  does  diet  influence  it  much.  The 
carnivorous  lion  and  tiger  excrete  little  uric  acid  and  much  urea,  while  the  car- 
nivorous python  and  boa  excrete  no  urea,  but  only  uric  acid  salts,  and  the  same  is 
the  case  with  graminivorous  birds.  There  is  no  doubt,  however,  that  diet  influences 
the  amount  of  uric  acid  iu  the  scone  species  of  animal  (Latham).  In  herbivora, 
hippuric  acid  takes  the  place  of  uric  acid  in  the  urine.  The  uriniferons  tubules  of 
those  tfc^nimala  that  oxcretc  uric  acid  are  adapted  to  the  elimination  of  a  solid 
excrement,  while  the  tubules  of  those  that  excrete  urea  are  adapted  to  a  fluid 
excrement.  As  stated  above,  Horbaczewski  obtained  uric  acid  by  fusing  together 
glycodn  (amido-acetic  acid)  and  ten  times  its  weight  of  urea,  at  200V2dO°C., 
although  Latham  has  not  been  able  to  confirm  this  observation.  According  to 
Latham,  the  antecedent  of  uric  acid  is  glycocin,  and  the  appearance  of  uric  acid  in 
the  secretion  of  olie  animal  and  of  urea  in  another  is  the  result  primarily  of  the 
non-transformation  of  glycocin  into  urea,  and  he  attributes  the  primary  defect  in 
gout  to  a  similar  imperfect  metabolism  of  glycocin  either  in  the  liver  or  elsewhere. 
Some  observers  assume  that  the  precursors  of  both  urea  and  uric  acid  contain  some 
of  their  nitrogen  in  the  form  of  cyanogen.] 

Occurrence:— Uric  acid  occurs  dissolved  in  the  urine  in  the  form  of 
acid  urates  of  soda  and  potash.  These  salts  occur  also  in  urinary  calculi, 
gravel,  and  in  gouty  deposits.  Ammonium  urate  occurs  in  very  small 
quantity  in  a  deposit  of  ^  urates/'  but  is  formed  in  considerable  amount 
when  urine  becomes  ammoniacal  from  decomposition  (Fig.  198).  Free 
uric  acid  occurs  in  normal  urine  only  in  the  very  smallest  amount  It  is 
sometimes  deposited  after  a  time  (see  Acid  fermentation,  Fig.  197).  It 
frequently  forms  urinary  calculi,  being  sometimes  deposited  around  a 
speck  of  albumin  as  a  nucleus  (Ebstein).  [It  has  also  been  found  in 
the  blood,  liver,  and  spleen  (p.  206).  It  is  remarkable  that  it  has 
been  found  in  the  spleen  of  herbivora,  although,  as  stated  above,  it  is 
absent  from  herbivorous  urine.  In  gout,  it  accumulates  in  the  blood 
(Garrod).] 

The  urine  of  newly-born  chUdren  contains  much  uric  acid.  Uric  acid  and  its 
salts  are  increased  after  severe  muscular  exertion,  accompanied  by  perspiration,  in 
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catarrhal  and  rheumatic  fevera,  and  mioh  conditiona  as  are  accompanied  by  dla- 
torbance  of  the  respiration;  in  leuk»mia  and  tumours  of  the  spleen,  cirrhotic 
liver,  and  generally  in  cases  of  catarrh  of  the  stomach  and  intestinal  tract, 
foUowing  the  excessive  use  of  alcohoL  [It  is  also  increased  during  ague  and 
fevers,  and  perhaps  this  has  some  relation  to  the  congestion  of  the  spleen,  which 
accompanies  these  conditions.] 

It  is  diminished  after  copious  draughts  of  water,  after  large  doses  of  quinine, 
caffein,  potassic  iodide,  common  salt,  sodic  and  lithic  carbonates,  sodic  sulphate, 
inhalation  of  0,  slight  muscular  exertion.  In  gout,  the  amount  excreted  in  the 
urine  is  smalL  In  chronic  tumours  of  the  spleen,  anmmia,  and  chlorosis,  when 
the  respiration  is  not  at  the  same  time  embarrassed,  it  is  also  diminished. 

Urates. — Uric  acid  forms  salts — chiefly  acid  urates — ^with  several 
bases,  which  dissolve  with  difficulty  in  cold  water,  but  are  easily  soluble 
in  warm  water.  Neutral  urates  are  changed  by  COj  into  acid  salts. 
Hydrochloric  and  acetic  acids  break  up  the  compounds,  and  crystals  of 
uric  acid  separate. 

(1.)  Add  sodic  urate  usually  appears  as  a  brick-red  deposit,  more  rarely 
gray  or  white  (lateritious  deposit),  tinged  with  uroerythrin,  in  urine, 
in  catarrhal  conditions  of  the  digestive  organs,  and  in  rheumatic  and 
febrile  affections.  Microscopically,  it  is  completely  amorphous,  consist- 
ing of  granules,  sometimes  disposed  in  groups  (Fig.  197,  b) — sometimes 
the  granules  have  spines  on  them.  The  corresponding  potash  salt 
occurs  not  unfrequently  imder  the  same  conditions,  and  presents  the 
same  characters. 

(2.)  Acid  ammonium  urate  (Fig.  198,  a)  always  occurs  as  a  sediment, 
in  ammoniacal  urine,  either  with  (1),  or  mixed  with  free  uric  acid, 
accompanied  by  triple  phosphate.  Microscopically,  it  is  the  same  as 
(1).  (1)  and  (2)  are  distinguislied  by  the  sediment  dissolving  when  the 
urine  is  heated.  If  a  drop  of  hydrochloric  acid  be  added  to  a  micro- 
scopic preparation  of  the  sediment,  crystals  of  uric  acid  separate. 

(3.)  Add  calcic  urate  occurs  sometimes  in  calculi,  and  is  a  white,  amorphous 
powder,  but  slightly  soluble  in  water.  When  heated  on  platinum  it  leaves  an  ash 
of  calcium  carbonate.    Magnesia  rarely  occurs  in  urinary  calculL 

259.  Qualitative  and  Quantitative  Estimation  of 

Uric  Acid. 

L  Qualitative  Estimation. 

1.  Microscopic  Characters. — The  appearances  presented  by  uric  acid 
and  its  salts  under  the  microscope.  It  is  deposited  from  urine  after 
seyeral  hours,  on  adding  acetic  or  hydrochloric  acid. 

2.  The  Murezide  Test. — Gently  heat  a  urate  or  uric  acid  in  a  porce- 
lain vessel  along  with  nitric  acid.  Decomposition  takes  place  and  the 
colour  changes  to  yellow.  N  and  GOj  are  given  off;  urea  and  alloxan 
(C^HjNjO^  remain.  Evaporate  slowly  and  allow  the  yellowish  red 
stun  to  cooL     The  addition  of  a  drop  of  dilute  ammonia  gives  a 
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ptirpliA  red  ctAoxa  whidi  iB  du«  to  murezide.  Tlie  purple  colour 
becomes  bln«  on  tiie  additi(»i  of  canatac  potash.  If  potash  or  sodA  be 
added  instead  of  ammonia,  a  violet  colour  is  obtained. 

3.  Schiffs  Teat. — If  a  little  tuio  add  or  a  nrat«  be  diuolved  in  a  solntioii 
of  an  alLsline  carbonate,  and  this  be  dropped  npon  blotting-paper  satniated  with 
a  solution  of  tStier  nUraU,  reductioD  of  the  ulver  takes  pkce  at  once,  and  a  black 
spot  ia  formed  (H.  Schiff). 

i.  On  boiling  a  solntion  of  nnc  add  oc  a  nrate  in  an  alkali,  vitb  Fehling'a 
Bolation  (S149,  2),  at  first  white  Diatc  of  the  anbotide  of  coppei  ia  depodted,  while 
later,  red  copper  saboxide  is  fanned. 

n.  The  qmutitatiTe  estimation  may  be  made  by  adding  G  cubic  oentdmetres 
cf  concentrated  HCI  to  100  cc.  of  urine,  and  allowing  it  ta  stand  for  46  hoQTB 
in  the  dark,  when  the  uric  acid  is  predpitated  like  fine  cayenne-pepper  cryetals. 
Salkowaki  and  Fokker  have  improved  the  method.  All  the  nric  acid  in  not  pred- 
pitated by  the  HCI,  even  after  ntauding  for  a  time.  [B.  A.  Cook  usee  sulphate  of 
&no  to  predpitate  the  uric  add  sa  nrate  of  one.  Caustic  soda  ia  added  to  pred- 
pitate  the  pbeaphatea,  and  then  to  the  dear  fluid  duo  snlphate  solntiMi,  which 
predpitates  urate  of  dnc  aa  a  white  getatinons  depoait  ] 

26Q.  Ereatlniu  =  GtH^NiO,  and  other  Substances. 

Qnftntitf . — Kreatinin  (Liebig)  is  derived  from  the  kreatin  of  muscle, 
from  Thich  it  can  be  obtained  by  heating  it  in  a  watery  solution,  a 
molecule  of  vat«r  being  given  off;  and,  conversely,  kreatinin  may  take 
up  water  and  form  kreatin.  The  amount  excreted  daily  is  0'6-l'3 
grammes  (8-lS  gruns);  it  is  increased  by  flesh  diet. 

It  ia  dimmiMhed  in  progresdve  mnicular  atrophy,  ansmia,  marasmna,  chloroaie, 
C4minii)ptiou,  paralysis;  and  is  inerecued  in  typhus,  inflammation  of  the  lung,  and 
tetanus;  it  is  not  absent  in  hunger. 

PropertiBB, — Kreatinin  ia  alkaline  in  reaction,  eaoly  solnble  in  water  and  hot 


obIic|oe  rhombic  cd- 
nmna.  It  fonus  com* 
ponndt  with  adds  and 
salts,  with  silver  nitrate, 
mercuric  chloride,  and 
especially  with  iinc 
chloride.  Kreatinin-dno 
chloride  (Fig.  192)  is 
Dsed  to  detect  its  pre- 

Test— Add  to  urine 
a  few  drops  of  a  slightly 
browoish  solution  of 
nitro-pruBside  of  soda, 
and  then  weak  caustic 
soda  solntion,  which 
cauSB  a  bnrgondy-red 
colour,  which  soon  dia- 
appeara  ('fh.  Weyl). 
When  heated  with  acetic 
.  add,  the  colour  changes 
to  green  or  blue  (Sal- 


Erestinin-dnc  chloride— a,  balls  with  radiatmg  mark 
b,  crystallised  from  water;  e,  rarer  forms  from  ( 
alcoholic  extract 
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kowski).  Krea^nin  has  been  prepared  artificially.  When  boiled  with  baryta 
water,  it  deoomposea  into  urea  and  sarkoein.  Wbentidminiatered  by  the  mouth, 
or  when  injected  into  the  blood,  the  greater  part  of  it  reappears  unchanged  in  the 
urine. 

Xailthin=G5H4N40s  (Maroet)  occurs  in  very  small  amount  in  the  urine — 1 
gramme  in  300  kilos,  of  urine.  It  is  a  substance  intermediate  between  sarkin  and 
uric  acid.  Guanin  and  hypoxanthin  may  be  changed  into  xanthin;  in  contact 
with  water  and  ferments  it  passes  into  uric  acid.  When  evaporated  with  nitric 
acid,  it  gives  a  yellow  stain,  which  becomes  yellowish-red  on  adding  potash,  and 
violet-red  on  applying  more  heat.  It  is  an  amorphous,  yellowish-white  powder, 
fairly  soluble  in  boiling  water.  It  has  also  been  found  in  traces  in  muscles, 
brain,  liver,  spleen,  pancreas,  and  thymus. 

The  crystalline  body  parazanthin  occurs  in  traces  in  the  urine  (Salomon). 

GnanilL}  C^HsN^O,  which  occurs  in  guano  and  the  urine  of  spiders,  is  changed 
into  xanthin  by  nitrons  acid;  while  feeding  with  it  increases  the  amount  of  urea 
(Kemer).    It  has  also  been  found  by  Yirchow  in  the  muscles  of  diseased  pigs. 

Sar-kilL  (= Hypoxanthin),  C0H4N4O.-~As  yet  this  substance  has  been  found 
only  in  the  urine  of  leukemic  patients  (Jakubasch),  and  it  has  been  prepared  in 
the  form  of  needles  or  flattened  scales  (Scherer)  from  muscle,  spleen,  thymus, 
brain,  bone,  liver,  and  kidney.  Innormal  urine  a  body  nearly  related  to,  and  pos- 
sibly identical  with,  hypoxanthin  occurs  (E.  Salkowski).  Hypoxanthin  closely 
resembles  xanthin,  and  can  be  changed  into  it  by  oxidation.  Nascent  hydrogen, 
on  the  other  hand,  reduces  uric  acid  to  xanthin  and  hypoxathin.  When  evapor- 
ated with  nitric  acid  it  gives  a  light  yellow  stain,  whic^  becomes  deeper,  but  not 
reddish-yeUow,  on  adding  caustic  soda.  It*  is  more  easily  soluble  in  water  than 
xanthin,  and  by  this  means  the  two  substances  can  be  separated  from  each  other. 
Guanin  is  ins<duble  in  water. 

Ozalnric  Acid  (C8H4N2O4)  occurs  in  very  small  quantity  combined  with 
anmionia  in  urine.  Physiologically,  it  is  interesting  on  account  of  its  relation 
to  uric  acid.  It  is  a  white  powder  slightly  soluble  in  water.  Uric  acid,  when 
subjected  to  oxidising  agents,  takes  up  water,  and  splits  into  alloxan  and  urea— 

C5H4N4O8 + H2O  +  0 = C4H2N2O4  +  C  O  N2H4 
Uric  acid  =  Alloxan     4- Urea. 

The  a-Hn-ran^  after  taking  up  0,  splits  into  CO2  and  parabanic  acid ;  thus, 

C4H2N2O4 + 0 = CO2  +  C8H2N2O8 
Alloxan  Parabanic  acid. 

When  parabanic  acid  takes  up  a  molecule  of  water,  oxalurio  acid  is  formed, 

thus — 

C8H2N2O8 + H2O = C8H4N2O4 
Parabanic  acid        Oxaluric  acid. 

Lastly,  when  a  solution  of  oxaluric  acid  ia  heated,  it  splits  into  oxalic  acid  and 

C8H4N2O4  +  H2O  =  C2H2O4  +  C  O  N2H4 
Oxaluric  acid  Oxalic  acid        Urea. 

(Schunck.) 

QzaHc  Add  (Gfifi^. — ^The  series  of  chemical  decompositions  of 
oxaluric  acid  leads  to  oxalic  acid.  It  occurs,  but  not  constantly,  to 
the  amount  of  20  milligrammes  daily  as  oxalate  of  lime,  which  is  known 
by  the  "  envelope  "  shape  of  the  crystals  (Figs.  193  and  194) ;  insoluble 
in  acetic  acid,  and  forming  transparent  octahedra.  More  rarely  it 
assumes  a  biscuit  or  sand-glass  form  (Fig.  209,  c).  According  to 
Neubauer,  soluble  oxalate  of  lime  occurs  in  urine,  being  kept  in  solu- 
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tion  by  acid  sodic  phosphate.    This  substance  is  excreted  in  a  crystal- 
line form,  the  more  the  reaction  of  the  urine  becomes  neutral/ 

J- 


Fig.  193.  Fig.  194. 

Crystals  of  oxalate  of  lime— a,  Octa-  Perfect  dumb-bell  crystals  of  oxalate  of 

hedra;  &,  basal  plane  of  an  octahed-  lime  from  the  nrine  of  a  child  two 

ron  forming  a  rectangle;  CfCompouid  years  old  suffering  from  jaundice 

forms;  d,  imperfect  forms  (dumb-  (Beale). 
bells)  X  300  (Wedl). 

The  genetic  relation  of  oxalic  acid  to  uric  acid  is  shown  by  the  fact, 
that  dogs  fed  with  uric  acid  excrete  much  oxalate  of  lime  (v.  Frerichs, 
Wohler).  Oxalic  acid  may  also  be  produced  by  the  oxidation  of 
products  derived  from  the  fatty  acid  series  (p.  510). 

Qzaluria. — The  eating  of  substances  containing  oxalate  of  lime  (rhubarb) 
increases  the  excretion.  Increased  excretion  is  called  oxaluria:  it  is  regarded 
as  a  sign  of  retarded  metabolism  (Beneke),  and  it  may  give  rise  to  the  formation 
of  a  calculus.  In  oxaluria  the  uric  acid  is  also  often  increased  in  amount.  Per- 
haps, in  the  first  instance,  there  is  an  increased  formation  of  uric  acid,  from 
which  oxalic  acid,  urea,  and  CO9  may  be  formed.  The  amount  of  oxalic  acid  is 
increased  after  the  use  of  wine  and  sodic  bicarbonate. 

Hippnric  Acid=CgH0NO3  (Benzoylamidoacetic  acid)  occurs  in  large 
amount  in  the  urine  of  herbivora  (Liebig),  and  in  them  it  replaces 

uric  acid,  and  is  one  of 
the  chief  end-product  of 
the  metabolism  of  nitro- 
genous substances ;  in 
human  urine  the  daily 
amount  is  small,  0'3-3'8 
grms.  (5-50  grains).  It 
is  an  odourless  mono- 
basic acid  with  a  bitter 
taste,  and  crystallises  in 
colourless  four  -  sided 
prisms.  It  is  readily 
soluble  in  alcohol,  and 
only  soluble  in  600  parts 
of  water. 

It  is  a  conjugated  acid, 
and  is  formed  in  the 
body  from  benzoic  acid, 


Fig.  195. 
Hippuric  Acid. 
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or  some  nearly  related  chemical  body,  such  as  the  cuticular  substance 
of  plants,  or  from  oil  of  bitter  almonds^  cinnamic  or  chinic  acid,  which 
easily  pass  by  i*eduction  (chinic  acid)  or  by  oxidation  (cinnamic  acid) 
into  benzoic  acid;  glycin  xmiting  with  it,  and  water  being  given  off — 

CyHgOa  +  C2H5NO2  =  C^Hj^NOj        +  H^O 
Benzoic  acid  +  Glycin      =  Hippuric  acid  +  Water. 

[When  benzoic  acid  is  introduced  into  the  alimentary  canal  of  an 
animal  (rabbit  or  dog),  it  appears  in  the  urine  as  hippuric  acid ;  while 
nitro-benzoic  acid  appears  as  nitro-hippuric  acid.  As  the  benzoic  acid 
passes  through  the  body  it  becomes  conjugated  with  glycin  or  glyco- 
cin,  chiefly  in  the  kidneys.  The  hippuric  acid  in  the  urine  of  her- 
bivora  is  chiefly  derived  from  some  substance  with  a  benzoic  acid 
residue  present  in  the  cuticular  coverings  of  the  food.  That  hippuric 
acid,  in  part  at  least,  is  formed  in  the  kidneys  is  shown  by  the  follow- 
ing considerations : — ^If  arterialised  blood,  containing  benzoic  acid  and 
glycin,  or  even  benzoic  acid  alone,  be  passed  through  the  blood-vessels 
of  a  fresh  living  excised  kidney,  hippuric  acid  is  found  in  the  blood 
after  it  is  perfused.  Even  after  forty-eight  hours,  if  the  kidney  be 
kept  cool,  the  synthesis  takes  place.  If  the  kidney  be  kept  too  long, 
the  conjugation  does  not  take  place.  If  the  fresh  kidney  be  chopped 
up,  and  kept  at  the  temperature  of  the  body  with  benzoic  acid  and 
glycin,  hippuric  acid  is  formed.  Oxygen  seems  to  be  necessary  for  the 
process,  for,  if  blood  or  serum  containing  carbonic-oxide  be  used,  there 
is  no  formation  of  hippuric  acid.] 

According  to  this  view,  it  is  derived  chiefly  from  the  food  of  herbivorous 
anrmalB,  and  hence  it  is  absent  from  the  urine  of  sucking  calves.  Bnt  it  is  also 
formed  in  the  body  from  the  proteids.  In  the  dog,  the  formation  of  hippurio 
add  occurs  in  the  kidney  (Schmiedeberg  and  Bunge)*,  and  in  the  frog  also  outside 
the  kidney.  Kuhne  and  Hallwachs  thought  it  was  formed  in  the  liver,  and 
Jaarsveld  and  Stockvis  in  the  kidney,  liver,  and  intestine.  The  observation  of 
Salomon  that,  after  excision  of  the  kidneys  in  rabbits,  and  injection  of  benzoic 
acid  into  the  blood,  hippuric  acid  was  found  in  the  muscles,  blood,  and  liver,  goes 
to  show  that  it  must  be  formed  in  other  organs  beside  the  kidneys.  The  power 
of  changing  benzoic  acid  introduced  into  the  human  body,  into  hippuric  acid,  may 
even  be  abolished  in  disease  of  the  kidney  (Jaarsveld  and  Stockvis,  Fr.  Elronecker). 
Under  certain  circumstances  it  seems  that  hippuric  acid,  already  formed,  may 
be  again  decomposed  in  the  tissues. 

It  is  greatly  increased  after  eating  pears,  plums,  and  cranberries;  and  it  is  also 
increased  in  icterus,  some  liver  affections,  and  in  diabetes.  When  boiled  vnth 
strong  add  or  alkalies,  or  with  putrid  substances,  it  takes  up  H2O  and  splits  into 
benzoic  acid  and  glycin.  In  the  urine  of  the  dog,  in  addition  to  uric  add,  q/anurh 
add,  CioKiA^sfl^  +  H^O  (Liebig)  is  also  present. 

[Preparation.— Add  milk  of  lime  to  the  fresh  urine  of  horses  or  cows  to  form 
calcic  Mppurate.  Filter,  evaporate  the  filtrate  to  a  small  bulk,  and  precipitate 
the  hippuric  add  with  excess  of  hydrochloric  add.  To  jmrify  the  hippuric  add, 
cryttalliBe  it  several  times  from  a  hot  wateiy  solution.] 
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[Crystals  ofliippario  acid  when  heated  in  a  test-tube  are  decomposed,  and  a  sub- 
limate of  benzoic  add  and  ammonic  benzoate  condenses  on  the  upper  cool  part  of 
the  tube,  while  there  is  an  odour  of  new  hay,  and  oily  drops  remain  in  the  tube.] 

Allantoiny  C^H^N^Og,  which  occurs  in  the  amniotic  fltiid  of  the  cow, 
is  found  in  minute  traces  in  normal  urine  after  flesh  food,  and  is  more 
abundant  during  the  first  weeks  of  life,  and  during  pregnancy. 

After  large  doses  of  tannic  acid,  the  amount  is  increased  (Schottin),  while  in 
dogs,  feeding  with  uric  acid  also  increases  it  (Salkowski). 

FrOperties.^It  forms  shining,  prismatic  crystals;  from  the  urine  of  sucking 
calves  it  crystallises  in  transparent  prisms.  It  is  decomposed  by  ferments  into 
urea,  ammonium  oxalate,  and  carbonate,  and  another  as  yet  unknown  body.  It  is 
freely  soluble  in  water,  with  diflSculty  in  alcohol,  and  insoluble  in  ether.  In 
preparing  it,  the  urine  is  precipitated  with  basic  lead  acetate,  the  lead  in  the 
filtrate  is  removed  by  sulphuretted  hydrogen,  and  the  filtrate  itself  is  then  evapor- 
ated to  a  syrup,  from  which  the  crystals  separate,  after  standing  for  several  days. 
They  are  then  washed  with  water,  and  recrystallised  from  that  water  (Salkowski). 
[It  may  be  derived  from  uric  acid  by  oxidation,  and  when  it  is  further  oxidised  it 
forms  urea  (p.  536).] 


261.  Colouring-Matters  of  the  Urine. 

1.  Urobilin  (Jaff§)  is  most  abundant  in  the  highly  coloured  urine  of 
fevers,  but  it  also  occurs  in  normal  urine.  It  is  a  derivative  of  haematin, 
or  of  the  hUe-pigmerUs  (§  1 77)  derived  from  the  latter.  It  is  identical  with 
the  hydrobilirubin  of  Maly  (p,  358).  It  gives  a  red,  or  reddish-yellow 
colour  to  urine,  which  becomes  yellow  on  the  addition  of  ammonia. 

Preparation.— Prepare  a  chloroform  extract  of  urine  containing  urobilin — add 
iodine  to  the  extract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute 
caustic  potash,  which  forms  pot&ssic  iodide.  This  potash  solution  becomes  yellow 
or  brownish-yellow,  and  exhibits  beautiful  green ^uorescence  (Gerhardt). 

Urobilin  may  be  extracted  from  many  urines  by  ether  (Salkowski).  When 
subjected  to  the  action  of  reducing  agents,  e.^.,  sodium  amalgam,  a  colourless 
product  is  obtained,  which  on  exposure  to  the  air  absorbs  0,  and  becomes  retrans- 
formed  into  urobilin.  This  colourless  body  is  identical  with  the  chromogen  which 
Jaffd  found  in  urine. 

If  urine  is  treated  with  soda  or  potash,  the  characteristic  absorption  band  lying 
between  h  and  F,  passes  nearer  to  .5,  becomes  darker  aud  more  sharply  defined. 
According  to  Hoppe-Seyler,  urobilin  is  formed  in  urine  after  it  is  voided,  from 
another  urobilin-forming  body  (Jaffi^'s  chromogen)  absorbing  oxygen.  If  urine  con- 
taining urobilin  be  made  alkaline  with  ammonia,  and  zinc  chloride  be  added,  it 
exhibits  marked  fluorescence;  it  has  a  green  shimmer  by  reflected  light.  When 
urobilin  is  iaolatedf  it  fluoresces  without  the  addition  of  zinc  chloride.  In  cases  of 
jaundice  (§  180),  where  Gmelin's  test  sometimes  fails  to  reveal  the  presence  of  bile- 
pigments,  urobilin  occurs.  This  "urobilin-icterus"  (Gerhardt)  occurs  chiefly  after 
the  absorption  of  large  extravasations  of  blood.  According  to  Cazeneuve,  the 
urobilin  is  increased  in  all  diseases  where  there  is  increased  disintegration  of 
coloured  blood-corpuscles. 

2.  TJrOChrome  (Thudichum)  is  regarded  as  the  chief  colouring-matter  of  urine. 
It  may  be  isolated  in   the  form  of  yellow  scales,  soluble  in  water,  and  in 
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dilute  acidB  and  alkalies.  The  watery  solution  oxidises,  and  when  exposed  to  air 
becomes  red,  owing  to  the  formation  of  uroerythrin  (Thudichom).  When  acted  on 
hy  acids,  new  decomposition  products  are  formed,  0.(7.,  uromelanbL  Uroerythxin 
gives  the  red  colour  to  deposits  of  urates  (§  258). 

In  cases  of  melanotic  tumours,  there  has  been  occasionally  observed  urine,  which 
becomes  dark,  owing  to  meUmm  (§  250,  4),  or  to  a  colouring-matter  containing  iron 
(Kunkel). 

3.  A  brown  pigment  containing  iron  is  carried  down  with  uric  add,  which  is 
precipitated  on  the  addition  of  hydrochloric  acid  (§  258).  By  repeatedly  adding 
sodic  urate  to  the  urine,  and  precipitating  the  uric  acid  by  hydrochloric  acid,  a 
oansiderable  amount  may  be  obtained  (Kunkel). 


262.  Indigo— Phenol— Kresol—Pyrokatechin— and 

Skatol-forming  Substances. 

Indican  [CgH^NSOJ  or  indigo-forming  substance  (Sehunck),  is  de- 
rived from  indol,  CgH^N  (Jaffi§),  the  basis  of  indigo  (Bayer),  and  is 
formed  in  the  intestine  by  the  pancreatic  digestion  of  proteids  (§  1 70, 
IL),  and  ifc  also  arises  as  a  putrefactive  product  (§  184,  6).  Indol, 
when  united  with  the  Radical  of  sulphuric  acid,  HSO^  and  combined 
with  potassium,  forms  the  so-called  indigogen  or  indican  of  urine 
(Brieger,  Baumann).  This  substance  (C8HgNSO^K=indoxyl-sulphate 
of  potash),  forms  white  glancing  tablets  and  plates;  readily  soluble  in 
water  and  less  so  in  alcohol.  By  oxidation  it  forms  indig^blue — 
2  indican  -f  O2  =  Ci^H^NgOa  (indigo-blue)  +  2HKS0^  (acid  potassic 
sulphate).  It  is  more  abundant  in  the  urine  in  the  tropics,  and  it  is 
absent  from  the  urine  of  the  newly-born  (Senator). 

The  indican  in  the  urine  is  increased  when  much  indol  is  formed  in  the  intestine 
(§172,  XL),  e.(jr.,  in  typhus,  lecui  colic,  trichinosis,  catarrh,  and  hiemorrhage  of  the 
stomach,  cholera,  carcinoma  of  the  liver  and  stomach;  obstruction  of  the  bowel 
or  ileus,  peritonitis  and  diseases  of  the  small  intestine — in  cachexiae,  long  standing 
suppuration,  paraplegia— after  taking  creosote,  oil  of  bitter  almonds,  turpentine, 
or  nux  vomica. 

Tests. — Add  to  40  drops  of  urine,  3-4  c.c.  of  strong  fuming  hydrochloric  acid, 
and  2-3  drops  of  nitric  acid.  Boil,  a  violet-red  colour  with  the  deposition  of  true 
I  crysUilline  (rhombic);  indigo-blite  and  indigo-red  attests  its  presence.  Putrefaction 
causes  a  similar  decomposition  in  indican ;  hence,  we  not  unfrequently  observe  a 
bluish-red  pellicle  of  microscopic  crystals  of  indigo-blue,  or  even  a  precipitate  of 
the  same  (Hill  Hassal,  1853).  [The  formation  of  these  blue  crystals  in  the  putre- 
fying urine  of  a  rabbit,  o))tained  after  an  injection  of  carbolic  acid  into  its  blood- 
vessels has  been  observed  by  W.  Stirling.]— 2.  Mix  in  a  beaker,  equal  quantities  of 
urine  and  hypochlorous  acid,  and  add  two  drops  of  a  solution  of  chloride  of  Ume ; 
the  mixture  at  first  becomes  clear,  then  blue  (Jaff^).  'Add  chloroform,  and  shake  the 
mixture  vigorously  for  some  time;  the  chloroform  dissolves  the  blue-colouring 
matter,  which  is  obtained  as  a  deposit,  when  the  chloroform  evaporates  (Senator, 
Salkowski). — 3.  Heat  to  70°  one  part  of  urine  with  two  parts  of  nitric  acid,  and 
•hake  up  with  chloroform;  the  chloroform  dissolves  the  indigo  which  is  formed, 
assumes  a  violet  colour  and  gives  an  absorption-band  between  C  and  D,  slightly 
nearer  D  (Hoppe-Seyler).    Jaffi6  found  in  1500  co.  of  nonnal  hunum  urine. 
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4*5-19*5  milligrammes  of  indigo ;  hone's  urine  contains  23  times  as  much.  The 
sabcntaneons  injection  of  indol  increases  the  indican  in  the  urine  (JafiK).  E. 
Lndwig  obtained  indican  by  heating  h»matin  or  urobilin  with  a  caustic  alkali 
and  zinc  dust.     It  has  also  been  found  in  the  sweat  (Bizio). 

2.  Phenol  C^H^O  (carbolic  acid,  monohydroxyl  benzol,  §  252),  was 
discovered  by  Stadeler  in  human  urine  (more  abundant  in  horse's 
urine).  It  does  not  occur  as  carbolic  acid^  but  in  combination  with 
a  substance*  from  which  it  is  separated  by  distillation  with  dilute 
mineral  acids.  The  '' phenol-forming  substance"  is,  according  to 
Baumann,  " phenolsulphuric  acid"  (CgHgO,  SOgH),  which  in  urine 
is  united  with  potash. 

If  in  the  employment  of  carbolic  acid  it  be  absorbed,  the  phenolsulphuric  acid 
becomes  greatly  increased  in  amount  (Alm^,  Salkowski),  so  that  sulphuric  acid 
must  be  united  with  it;  hence,  alkaline  sulphates  are  decomposed  in  the  body, 
so  that  the  latter  may  be  absent  from  the  urine  (Baumann).  living  muscle  or 
liver  when  digested  in  a  stream  of  air  for  several  hours,  with  blood  to  which 
phenol  and  sodic  sulphate  are  added,  yields  phenolsulphuric  acid;  while,  under 
the  same  circumstances,  pyrokatechin  forms  ethersulphuric  acid  (Kochs). 
Phenol  is  derived  from  the  decomposition  of  proteids  by  pancreatic  digestion 
(§172,  IL),  and  also  from  putrefaction  (§184,  ^,  the  mother-substance  being 
tyroem.  Hence,  the  formation  of  phenolsulphuric  acid  is  analogous  to  the  forma- 
tion of  indican. 

3.  FarakreBol  (hydroxyltoluol,  C^HgO)  with  its  isomers  ortho-  and 
meta-kresol  (the  latter  in  traces),  is  more  abundant  in  urine  (Baumann, 
Preusse).     It  also  occurs  in  combination  with  sulphuric  acid. 

Test  for  phenol  (and  also  kresol): — Distil  150  c.c,  urine  with  dilute  sulphuric 
add.  The  distiUate  gives  a  brown  crystalline  deposit  of  tribromophenol  with 
bromine  water,  as  weU  as  a  red  colour  with  Millon*s  reagent. 

Hydroxylbenzol  (pyrokatechin,  hydrocMnon),  is  obtained  from  urine,  when 
it  is  heated  for  a  long  time  with  hydrochloric  acid. 

When  carbolic  acid  is  used  eztemaUy  or  internally,  and  it  is  absorbed,  it 
causes  a  deep  dark-coloured  urine,  due  to  the  oxidation  of  phenol  into  hydrochinon 
(orthobioxybenzol  =  CeHeOs),  which  for  the  most  part  appears  in  the  urine  as 
ethersulphuric  acid  (Baumann  and  others). 

B^orcin  which  is  an  isomer  of  hydrochinon,  when  administered  internally  also 
appears  in  the  urine  as  ethersulphuric  acid. 

4.  Fyrobtechin  =  Cfifi^  (metadihydroxylbenzol),  is  formed 
along  with  hydrochinon  from  phenol,  and  is  an  isomer  of  the 
former  (Brieger).  It  behaves  like  indol  and  phenol,  for  when  united 
with  sulphuric  acid,  it  forms  the  pyrokatechin-forming  substance. 
Small  quantities  sometimes  occur  in  human  urine;  it  is  more 
abundant  in  the  urine  of  children  (Ebstein  and  Miiller);  it  becomes 
darker  when  the  urine  putrefies. 

Perhaps  pyrokatechin  is  formed  in  the  body  from  decomposed  carbohydrates, 
from  which  Hoppe-Seyler  obtained  it  by  heating  them  with  water  under  a  high 
pressure,  as  well  as  by  acting  on  them  with  alkalies. 


SEATOL,  SI7C0INIC,  AND  ULCnO  ACIDS.  545 

5.  Skatol  (§  252)  whicli  is  crystalline,  and  is  formed  dnring  putrefac- 
tion in  the  intestine,  also  appears  in  the  urine  as  a  compound  of 
sulphuric  acid.  On  feeding  a  dog  with  skatol^  Brieger  found  much 
potassic  skatol-oxy-sulphate. 

Test.— 3katol  compoimds  are  recognised  by  adding  dilate  nitric  acid,  which 
causes  a  violet  colour,  or  of  faming  nitric  acid,  which  precipitates  red  flakes 
(Nencki).    Its  qoantity  is  regalated  by  the  same  conditions  as  indican. 

The  aromatic  OZyadds,  hydroparaeumaric  acid  and  paraoxyphenylacetic  add 
(the  former  a  patrefactive  product  of  flesh,  the  latter  obtained  by  £  and  H — 
Salkowski,  from  putrid  albomin),  occur  in  the  urine  (Baumann,  §  252).  Shake  the 
urine  treated  with  a  mineral  acid  with  ether,  evaporate  the  latter,  and  dissolve 
the  residue  in  water.  If  aromatic  ozyacids  are  present,  it  gives  a  red  colour  with 
Millon's  reagent. 

"Rn-fiTniLnii  gives  the  following  series  of  bodies,  which  are  formed  from  tyrosin 
by  decomposition  and  oxidation ;  most  of  the  substances  are  formed  both  during 
the  decomposition  of  albumin,  and  also  in  the  intestine,  from  whence  they  pass 
into  the  urine :— Tyrosin,  C9HiiN08+Ha=CoHio08  (hydropsracumaric  acid) 
+ NH3.  C9H10O8 = CsHioO  (paraethylphenol,  not  yet  proved)  +  COj.  CgHioO  + 
Os^CsHaOs  (paraoxyphenylacetic  acid)  +H2O.  C8H808=07H80  (parakresol) 
+  COa.  C7H80+08=C7H808  (paraoxybenzoic  acid,  not  yet  proved)  +HaO. 
C7H80=CeH«0  (phenol)  +COa. 

Potassium  sulphocyanide,  derived  from  the  saliva,  also  occurs  in 
urine.  After  acidulation  with  hydrochloric  acid,  its  presence  may  be 
detected  by  the  ferric  chloride  test  (§  146 — Gscheidlen  and  J.  Munk). 
One  litre  of  human  urine  contains  002-0*08  gramme  combined  with 
an  alkali 

Succinic  acid,  C^H^O^  (Meissner  and  Shepard),  occurs  chiefly  after  a 
diet  of  flesh  and  fat,  and  almost  disappears  after  a  vegetable  diet.  It 
is  a  decomposition  product  of  asparagin,  and  therefore  occurs  in  con- 
siderable amoimt  in  the  urine  after  eating  asparagus.  It  is  also  a 
product  of  the  alcoholic  fermentation  (§  150),  and  as  it  passes  out  of 
the  body  unchanged,  it  occurs  in  the  urine  of  those  who  imbibe 
spirituous  liquors.     It  passes  unchanged  into  the  urine  (Neubauer). 

Lactic  acid  {CJifi^  is  a  constant  constituent  of  urine  (Lehmann, 
Briicke).  Other  observers  have  foxmd  fermentative  lactic  acid  in 
diabetic  urine  ;  sarcolactic  acid  after  poisoning  with  phosphorus  and  in 
trichinosis.  Pepsin  was  found  constantly  in  small  quantity  by  Briicke, 
and  V.  Jaksch  found  traces  of  aceton  (CgH^O)  (§  175),  which  may  be 
considerably  increased  when  there  is  great  decomposition  of  the  tissues. 
Test — ^Acidulate  half  a  litre  of  urine  with  hydrochloric  acid  and  distil  it 
Iodoform  is  formed  on  adding  caustic  soda  and  a  solution  of  iodine 
in  potassic  iodide  (Lieben).  When  aceton  is  present,  orthonitro-benz- 
aldehyd,  on  adding  caustic  soda,  deposits  indigo  (Penzoldt). 

Bechamp's  "  Kephrozymose  "  is  precipitated  from  urine  by  adding  to  it  three 
timesitB  volume  of  90  per  cent,  alcohol.  It  is  an  albuminous  body,  which  at  GC^-TO^C. 
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trajiBfomiB  starch  into  sugar  (y.  Vintschgau).    Giiitzner  found  traces  of  diastatiOa 
peptic,  and  rennet  ferment,  especially  in  urine  of  high  specific  gravity. 

Traces  of  sagar  (Briicke,  Abeles),  but  only  to  the  amount  of  0*0002 
per  cent.  (Bence  Jones)  occur  in  normal  urine ;  in  the  urine  of  sucklings 
and  pregnant  women,  milk-^ugar  (Fr.  Hofmeister)  sometimes  occurs. 
Occasionally  traces  of  volatile  faXtj  acids  are  met  with. 


II  The  Inorganic  Constituents  of  the  tlrine. 

The  inorganic  constituents  are  either  taken  into  the  body  as  such 
with  the  food  and  pass  off  imchanged  in  the  urine,  or  they  are  formed 
in  the  body  owing  to  the  sulphur  and  phosphorus  of  the  food  being 
oxidised  and  the  products  uniting  with  bases  to  form  salts* 

The  quantitj  of  salts  excreted  daily  in  the  urine  is  9-25  grammes 
[i  to  I  oz.]. 

1.  Sodic  chloride — ^to  the  amount  of  12  (10-13)  grammes  [180 
grains] — is  excreted  daily.  It  is  increased,  after  a  meal,  by  muscular 
exercise,  drinking  of  water,  and  generally  when  the  quantity  of  urine 
is  increased,  by  the  free  use  of  large  quantities  of  common  salt,  but  by 
potash  salts  also ;  while  it  is  diminished  under  the  opposite  conditions. 

In  disease  it  is  greatly  diminisJied;  in  pneumonia  and  other  inflammations 
accompanied  by  effusions,  in  continued  diarrhoea  and  profuse  sweating,  constantly 
in  albuminuria  and  in  dropsies.  [In  cases  of  pneumonia,  sodic  chloride  may  at  a 
certain  stage  almost  disappear  from  the  urine,  and  it  is  a  good  sign  when  the 
chlorides  begin  to  reappear.] 

In  other  chronic  diseases,  the  amouut  of  NaCl  excreted  runs  nearly  parallel  with 
the  amount  of  urine  passed.  In  conditioDs  of  excitement,  the  amount  of  sodic 
chloride  is  diminished,  and  potassic  chloride  increased ;  in  conditions  of  depres- 
sion the  reverse  is  the  case  (Zeulzer). 

Test. — Add  to  the  urine  nitric  acid  and  then  nitrate  of  silver  solution,  which 
gives  a  white  curdy  precipitate  of  chloride  of  silver.  In  albuminous  urine  the 
albumin  must  first  be  removed.  MieroscopieaUy  look  for  the  step-like  forms  of  the 
common  salt,  and  aLso  for  the  crystals  of  sodic  chloride  and  urea  (§  256,  4). 

2.  Phosphoric  add  occurs  in  urine,  as  acid  sodic  phosphate  and 
add  calcic  and  magnesic  phosphaies  (Fig.  196,  h),  to  the  amount  of  about 
2  grammes  daily  [30  grains],  but  it  is  more  abundant  after  a  flesh  than 
after  a  vegetable  diet.  The  amount  increases  after  a  mid-day  meal  until 
evening,  and  falls  during  the  night  until  next  day  at  noon.  It  is 
partly  derived  from  the  alkaline  and  earthy  phosphates  of  the  food, 
and  it  is  partly  a  decomposition  product  of  lecithin  and  nuclein.  As 
phosphorus  is  an  important  constituent  of  the  nervoiis  system,  the 
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Telatire  iiicrea8&  of  phosphoric  acid  is  due  to  iucreased  metabolism  of 
the  aervoas  substance. 

Infevert,  the  increased  excretioii  of  potasiio  pboapbnte  is  dne  to  ft  conminption 
of  bloodandmoscle  (1220,  3).  It  ia alao  jnertattd  in  tnflMnmation  of  the  hnin, 
saftening  of  tha  bonea,  dia- 
betes, and  oxslnri*;  and  after 
tiie  administTation  of  lactic 
acid,  morphia,  chloral,  or 
chlorotomi.  It  is  doiuniihtd 
daring  pregnancy,  owing  to 
the  formation  of  the  fcetal 
bones ;  also  after  the  nse  of 
ether  and  alcohol,  and  in  in^ 
flamtnatirm  of  the  kidney. 

Test — Earthy  phosphates 
are  precipitated  by  heat 
This  precipitate  is  dis- 
tinguiahed  from  albumin, 
which  is  also  precipitated 
by  heat,  by  being  soluble 
in.  nitric  acid,  which 
precipitated  albumin  is. 
not. 


Fig  196. 

:,  Spennatoan ;  e,  amorphons  caldc  carbonate ; 

b,  crystalline  magneric  phosphate. 


Tie  amount  orphoflphorio  acid  is  estimated  by  titration  -with  a  tlandard  nlu- 
tion  of  Kraniam  aataU;  ferroeyanide  t^fpotatnum  being  the  indiealor.  The  indi- 
cator gives  a  brownisb-red  colour  when  there  is  an  excess  of  free  uTanioin  acetate. 

In  addition  to  phosphoric  acid,  phoaphoma  ocean  la  an  incompletely  ondiaed 
form  in  the  nrine— «.;;.,  glyeeriapho«pJu>Tic  add  {S  251,  2)  (Sotnitzschewsky), 
wliich  occurs  to  tbe  amount  of  15  milli|{Tainine3  in  a  litre  of  urine,  is  increased  in 
ncTTOUB  diseases  (Upine)  and  after  ohlorofonD-Barcoda  (ZUlzer). 

3.  Snlphnrio  acid  occurs  in  the  urine,  the  greater  part  in  com- 
bination with  the  alkalies,  and  the  remainder  miited  with  indol,  akatol, 
and  pyrokatecbin,  in  the  form  of  aromatic  ethersulpkarie  eompmaids, 
(Banmann),  the  ratio  being  1 :0'1045  (von  den  Velden).  All  con- 
ditions which  favour  the  formation  of  indol,  skatol,  or  pyrokatecbin, 
increase  the  amount  of  combined  sulphuric  acid.  The  Mi^  daily  amouni 
of  sulphuric  acid  is  2'5-3'd  grammes  [37-62  grains].  It  is  increased  by 
the  administratioD  of  sulphur  (Kiause).  The  sulphuric  acid  is  chiefly 
derived  from  the  decomposition  <A  proteids,  and  hence  its  amount  runs 
parallel  with  the  amount  of  urea  excreted.  The  amount  of  alkaline 
sulphates  in  the  food  is,  as  a  rule,  very  small 

An  increoMd  excretion  of  snlphnric  acid  in  feven  indicates  an  increased  meta- 
bolism of  the  tissnes  of  tbe  body.  In  renal  inflammation,  it  has  been  observed  to 
be  diminished,  and  in  eczema  it  ii  greatly  IncreBsed.     Feeding  with  tanrin  (which 
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vcmlaaaBwaStpiixai)  m  ibB  cMe  of  rabbitB  (bat  not  in  caznivora  or. man)  mantmB  tfa» 
solphnric  add  in  the  urine  (Salkowski).  According  to  Ziilzer,  a  copiooB  secretioa 
of  bUe  lessens  the  relative  amount  of  sulphuric  aoid  in  the  urine. 

Test. —Barium  chloride  gives  a  copious  white  heavy  precipitate  of  barimn 
sulphate,  insoluble  in  nitric  add. 

In  addition  to  sulphuric  add,  sulphur  (D  occurs  in  an  incompletely  ondised 
form  in  the  urine  (potassium  sulphocyanide,  sulphurous  add,  cystin,  and  sulphur* 
bearing  compounds  derived  from  the  bile — Kunkel,  y.  Yoit,  and  others — §  177,  6). 
Hypoiidphwroua  acid,  as  an  alkaline  salt,  is  an  abnormal  constituent  in  typhus ; 
and  so  is  sulphuretted  hydrogen,  vrhich  is  recognised  by  the  blackening  of  a  piec» 
of  paper  moistened  with  lead  acetate  and  ammonia,  held  over  the  uiine. 

4.  Excesdvely  minute  traces  of.  sQidc  acid  and  nitric  add  derived 
from  drinking  water  have  been  found  in  urine.  Organic  acids,  e,g,^  dtric 
and  tartaric,  when  taken  internally  increase  the  amount  of  carbonaU^ 
in  the  urinjo.  The  urine  may  effervesce  on  the  addition  of  an  acid 
(Wohler). 

The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a 
small  part  of  it  is  united  with  phosphoric  and  uric  acids ;  potasdum 
(which  is  about  one-third  of  the  sodium)  is  chiefly  combined  with 
chlorine.  In  fevers  more  potash  is  excreted  than  soda,  and  during 
convalescence,  the  reverse  is  the  case;  caldnm  and  magnedum  exist 
in  normal  add  urine  as  chlorides  or  acid  phosphates.  If  the  urine  i» 
nefuiraly  neutral  calcium  phosphate  and  magnesium  phosphate  ar& 
precipitated.  If  the  urine  is  alkaJine,  calcium  carbonate  (Fig.  196,  c)^ 
or  tribasic  calcium  phosphate  are  deposited  as  such,  while  the  magnesium 
is  precipitated  in  the  form  of  ammonio-magnesium  phosphate,  or  triple 
phosphate.  The  calcium  is  derived  from  the  food,  and  depends  upon 
the  amount  of  lime  salts  absorbed  from  the  intestine.  Free  ammonia- 
is  said  to  occur  (0*72  gramme,  or  7  grains  daily)  in  perfectly  fresh 
urine  (Neubauer,  Briicke),  and  the  amount  is  greater  with  an  animal 
than  with  a  vegetable  diet  (Coranda).  The  amount  of  fixed  attunonia 
is  increased  by  the  administration  of  mineral  acids  (Walter,  Schmie- 
deberg,  Gathgens).  Iron  (1-11  milligrammes  per  litre)  is  never  absent 
There  is  a  trace  of  hydric  peroxide  (Schonbein),  which  is  detected  by  its 
decolorisiag  indigo-solution  on  the  addition  of  iron  sulphate. 

Gases. — 24*4  c.c.  of  gas  were  obtained  from  one  litre  of  urine — 100 
volumes  of  the  gases  pumped  out  consisted  of  65*40  vol  COj,  2*74  0, 
31*86  N.  After  severe  muscular  action,  the  amount  of  COg  may  be 
doubled ;  digestion  also  increases  it. 

263.   Spontaneous  Changes  in  Urine— Acid 
and  Alkaline  Fermentations. 

Add  Fermentation. -^When  perfectly  fresh  urine  is  set  adde  in  a  cool 
place,  it  gradually  becomes  more  acid  from  day  to  day.    This  is  called 
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the  "  aai  fermeTUation."  It  seenm  to  be  dae  to  the  deT^opnenl  of  « 
spedal  fimgiu  (Fig.  197,  a),  and  the  procwB  is  accompanied  hj  tbft 
depodtioii  oS  arie  aad  (c),  add  io3imn  wmte,  in  amorphoos  gnina  (&), 
saS.  cdkhtm  mcdaU  {t).  According  to  Scherer,  the  fangOB  and  the 
mucns  from  the  bladder  decompose  part  of  the  urinary  {ngment  int* 
lactic  and  acetic  adds.  The  latter  aets  free  nric  acid  from  neutral 
Bodimn  urate,  so  that  free  nric  add  and  aodinm  urate  ntut  he  formed. 

Bviyne  and  formic  acids  have  been  found  as  ab'nonnal  decomposition 
prodndB  of  other  urinary  conBtitnflnt&  'Wlien  the  acid  fermentatioB 
buginHj  the  urine  absorbs  o^gen  (Pasteur). 


Kg.  XB7. 
Deposit  in  "■aidfenneiitatic«i"of  lu 
a,  fiiDgQS;  h,  nmoTphona  Bodiun  i 
c,  uric  add;  d,  calcinm  oxalate. 


Fig   198 
Depoat  m  antmomacal  nrme  (alkaluie  far 
mentatum) — a   ACid  ammomnm  orate, 
h     ommomo     mBgneuoni    phoaphate 
c  patre&cbve  micro-organuma 


According  to  Briicke,  it  is  the  lactic  acid  formed  from  the  minute 
traces  of  sugar  present  in  urine,  which  causes  the  addity.  According 
to  Bohmann,  who  recognises  the  add  fermentation  as  an  exceptional 
phenomenon,  the  adds  are  formed  from  the  decomposition  of  sugar, 
and  from  alcohol  which  may  be  present  acddentally.  While  the  urine 
is  still  acid,  it  becomes  turbid  and  contains  nitrous  add,  whose  source  is 
entirdy  nnknown.  According  to  t.  Toit  and  Hofinann,  phosphoric 
add  and  a  bade  salt  are  formed  from  add  sodium  phosphate,  whereby 
part  of  the  uric  add  is  displaced  from  sodium  urate,  thus  causing  the 
formation  of  an  add  urat& ' 

Alkaline  FennentatioiL — When  urine  is  exposed  for  a  still  longer 
time,  more  especially  in  a  wann  place,  it  becomes  neutral  and  ultimatdj 
ammonjacal,  t.e.,  it  undergoes  the  alkaline  fermentation  (Fig.  198).  ■ 


SSO  ALKALINE  FEKUENTATION  OF  CRINE. 

This  condition  is  accompanied  at  the  beginning  by  the  formation 
of  the  miorocoams  vrae  (Pasteur,  Cohn),  which  is  occaeionally  ananged 
in  chains  (Fig.  199}  and  ultiiiiately  in  a  more  radiate  manner  (Fig. 
199,  (Z).  Under  the  action  of  this  organism,  tlie  area  takes  np  wster, 
And  is  decomposed  into  CO,  and -ammonia — 

Urea  [CO(NHj)j]  +  2(HjO)  =  ammonium  carbonate  [(NHJjCOJ. 


Another,  and  periiaps,  identical  coccus  decomposes  hipporic  acid  into 

benzoic  acid  and  glycin  (§  260)  (Van  Tie^em). 

According  to  Musculus,  this  decomposition  is  brought  about  by  the 
action  of  an  unformed 
amorphous  ferment 
which  he  has  isolated, 
and  which  is  perhaps 
produced  by  the  activ- 
ity of  these  organisms. 
The  presence  of  am- 
monia causes  the  urine 
to  become  turbid,  and 
those  substances  which 
are  insoluble  in  an 
alkaline  urine  are  pre- 
cipitated— earthy  phos- 
phates, acid  ammonium 
urate  (Fig.  198,  a)  in 
the  form,  of  small 
'  dark  granules  covered 
with  spines;  and,  lastly, 
the  large  clear  knife- 


Fig.  199. 

Deposit  from  a  cue  of  catan-h  of  tlie  ariaary 
bladdei:  (ammoniacal  fanneatation)  —  a,  de- 
tached epithelium;  b,  pna-corpoidet;  c,  triple 
phoBpliate;  d,  micro-arganiBmB. 


form  of  ammmw-magneaie  phosphaU,  or  triple  phosphate  (Figs.  200 
and  201).  [The  last  substance  does  not  exist  as  such  in  normal 
urine,  but  it  is  formed .  when  ammonia  is  set  free  by  the 
decomposition  of  urea,  the  ammonia  uniting  with  the  m^nesium 
phosphate.  Its  presence  therefore  always  indicates  ammoniacal 
fermentation  of  the  urine.]  In  cases  of  catarrh  or  inSanmiation 
of  the  bladder,  this  decomposition  may  take  place  within  the  bladder, 
when  the  urine  always  contains  pua-cella  (Fig.  199,  b)  and  detached  ' 
epithelium  (a).  When  much  pus  is  present,  the  urine  contains 
albumin.  Ammoniacal  urine  forms  white  fumes  of  ammonium 
chloride,  when  a  glass  rod  dipped  in  hydrochloric  acid  is  brought 
near  it 
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fig.  300.  Fig.  201. 

Anuaonio  ■  magneBia     phoBpIutte    miied  The  mors  nmal  forma  of  triple 
with  amorpbons  grumles  of  cklcic  phosphate  x  300. 

phosphate  and  gianular  urates. 

[When  ammonia  is  added  to  normal  urine,  triple  phosphate  is 
|»ecipitated  in  a  feathery  fonn.] 

264.  Albumin  In  Urine  (Albuminuria). 

Seinm-albmnin  is  the  most  important  aiwrvial  constituent  in  urina 
which  engages  the  attention  of  the  physician.  It  is  the  albumin  which 
occurs  in  blood  (§  32),  and  whose  characters  are  described  in  §  249. 

Caaaea  of  Albuminuria,— l.  Senim-albumiD  may  appMr  in  urine  withont  any 
apparent  anatomical  or  Btmottuol  change  of  tlie  renal  tiasnea.  This  condition  has 
been  called  by  y.  Bamberger  "  HamaiagerKnu  alhamimiria."  It  occare  but  rarely, 
however,  and  aometiineB  in  healthy  individuals  when  there  is  an  exc«w  of  alfanmin. 
ill  the  blood-plaama  («.0.,  after  auppreeeion  of  the  tecretion  of  mitk],  and  after  too 
free  nae  of  albDminoui  food.  2.  Aa  a  T«Balt  of  increiued  biood-premurt  in  the  renal 
tombIb,  e.g.,  after  copious  drinking.  It  may  be  temporary,  or  it  ma;  be  persiitent, 
W  in  cases  of  Aeart  diMOte,  emphysema,  chronic  ^eural  effusions,  tc  3.  After 
•ectioD  or  panlyais  of  the  vaio-molor  nertwf  of  the  kidneys,  which  causes  great 
oongestarai  of  these  organs.  The  albuminnria,  which  accompaniea  intense  and  long- 
continued  abdominsi  pain,  is  brought  about  owing  to  a  reflex  paralyns  of  the  renal 
Teasels  (Fischel).  4.  After  violent  mnscnlar  exercise.  [Senator  found  that  forced 
marches  in  young  recruits  were  very  frequently  followed  by  the  appearance  of 
albninin  in  the  arine,  which  persisted  for  several  days.]  Ccmridtive  disorders,  e.g., 
epilepsy,  the  spasms  of  dyspncea  after  strychnin  poisoning  (Huppert) ;  in  shook  a! 
the  brain,  apoplexy,  spinal  paralysis,  and  violent  emotions ;  the  eicesuve  ns» 
of  morphia,  which  perhaps  acts  on  the  vaso-motor  centres.  6.  It  may  accom- 
pany many  acute  febrile  diseases,  eg,,  the  exanthemata  (scarlet  fever),  typhus, 
pneumonia  and  pytemia.  In  these  cases  it  may  be  due  to  the  increase  of  tempera- 
ture paralysing  the  vessels,  but  more  probably,  the  secretoiy  apparatus  of  iha 
Udney  is  to  changed  {e.g.,  cbudy  swelling  of  the  renal  epithelium)  that  tba- 
albumin  can  pass  through  the  renal  msmbrEuiea  (Quincke],  6.  Certain  degenera- 
la  of  the  kidneys  at  several  of  their  stagee,    7-  loflammatfoa 
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<nr  nippfiratiaiii  in  the  ureter  or  nzinaiy  paanges.  8.  Certain  ohemical  sabstanoes 
which  irritate  the  renal  parenchyma^  e.g,,  cantiuundea,  carbolic  acid.  9.  The  oom- 
plflte  withdrawal  of  common  salt  from  the  food.  The  alhrnnin  di8ap£eaE&  when  the 
iwimnim  salt  is  given  again  (Wnndt,  £•  Rooenthal)** 

JpmdfBB  being  derived  from  the  secreting  parendhym*  of  the  kidney,  albnmin 
may  be  derived  by  admixtore  with  the  seoretionB  fixun  any  part  of  the  urinary 
tracts  incfaiding  the  vagina  and  atema  in  the  female.  In  some  caaea  the  traoanda- 
tioB  of  albomin  ia  &voared  by  changes  in  the  capillary  walls,  the  albumin  being 
forced  throagh  by  the  intravascolar  presaore^  Sometimes  albnnunniia  occurs 
during  the  course  of  severe  typhoid  fever,  and  in  acute  fBvera  generally  where  the 
temperature  is  persistently  above  40^C.  (104^F).  The  high  temperature  altera  the 
filtering  membrane  and  permita  the  filtration  of  albumin.] 


The  teite  for  albomin  in  urine  depend  npon  the  fact  that  it  is 
pred^niated  by  varioud  reagents : — 

(a.)  NUric  Acid. — ^By  the  addition  to  cold  urine  of  ^  of  its  volume 
of  nUric  add.  In  urine  which  contains  a  small  amount  of  salt8>  the 
turbidity  produced  by  the  addition  of  a  small  quantity  of  nitric  acid 
disappears  on  adding  excess  of  the  acid.  In  such  a  case  a  few  grains 
of  common  salt  must  be  added  to  the  urine  (Heynsius.) 

[(&.)  Soiling  and  NUric  Add. — ^Place  10  c.c.  of  urine  in  a  test  tube 
and  boiL  I£  albumin  be  present  in  small  quantity,  a  faint  haziness^ 
which  may  be  detected  in  a  proper  light,  will  be  produced.  Add  10 
or  12  drops  of  HNO,.  If  the  turbidity  disappears  it  is  due  to  phos- 
phates, while  if  any  remains,  it  is  due  to  albumin.  If  albumin  be 
present  in  large  quantity,  a  copious  whitish  coagulum  is  obtained.] 

[Precauiions. — (a.)  In  all  cases,  if  the  urine  be  turbid,  filter  it  before 
applying  any  test.  (5.)  How  to  Boil. — Boil  the  upper  strata  of  the 
liquid,  and  take  care,  if  any  coagulum  be  formed,  that  it  does  not  adhere 
to  the  side  of  the  tube,  else  the  tube  is  liable  to  break,  (c)  In  per- 
forming this  test  with  a  netdral  solution,  note  when  the  precipitate 
falls,  flbr  albumin  is  precipitated  about  70^C.,  phosphates  not  tiU 
about  the  boiling  point,  {d.)  Amount  of  Add. — ^If  too  little  (2  or  3 
drops)  HNO3  ^  added,  or  too  much  (30  or  40  drops)  we  may  £eu1  to 
detect  albumin,  although  present] 

[(&)  Hdkf's  Test. — Place  10  ca  of  the  urine  in  a  test-glass,  and  pour 
in  pure  colourless  HNO3  so  as  to  run  down  the  side  of  the  glass, 
forming  a  layer  beneath  the  urine.  A  white  zone  of  coagulated  albumin 
indicates  the  presence  of  albumin.  In  this  test  it  is  important  to  wait 
a  certain  time  for  the  development  of  the  reaction.  In  urines  of  high 
specific  gravity,  a  haziness  due  to  add  urates  may  be  formed  above,  where 
the  two  fluids  meet,  but  its  upper  edge  is  not  circumsciibed.  The  acid 
decomposes  the  neutral  urates  and  forms  a  more  insoluble  aidd  salt. 
This  doud  of  acid  urates  is  readily  dissolved  by  heat,  while  the  albumin 
is  not]  the  latter  is  always  a  shaiply  defined  zone  between  the  two 
In  veiy  concentrated  urine  (rare),  nitzic  add  may  gradually 
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precipitate  eryskUUne  urea  nitrate.     In  patients  taking  copaiba,  nitric 
acid^  acting  on  the  resin,  causes  a  slight  miltdneaa.] 

• 

(dJ)  Ferrocifanide  Tett» — ^By  tlie  addition  of  tieetic  add  and  potaaskimferroqfanidem 
(U  albnmin  be  present,  a  wliite  flocculent  precipitate  separates  in  the  cold. 
Dr.  PaTy  has  introduced  peUetSf  consisting  of  a  mixtore  of  citric  acid  and  aodic 
ierrocyanide.  All  that  is  required  is  to  add  a  pellet  to  the  suspected  nrine. 
Dr.  Oliver  uses  papers,  one  saturated  with  citric  acid  and  another  with  ferro- 
•cyanide  of  potassiunL  The  two  papers  are  added  to  the  clear  filtered  urine. 
Other  precipitants  of  albumin^  such  as  small  pieces  of  paper  impregnated  with 
potassio-mercuric  iodide,  are  used  by  Oliver.] 

(eJ)  By  boiling  Acid  Urim. — ^If  the  urine  be  alkaline,  although  albnmin 
may  be  present^  it  is  not  precipitated  by  heat  alone.  We  require  to 
add  acetic  acid  until  a  slightly  acid  reaction  is  obtained* 

In  urine  which  contains  a  small  amount  of  salts,  the  incautious  addition  of 
acetic  acid  redissolves  the  precipitated  albumin,  so  that  it  is  better  to  add  to  the 
urine  \  of  its  volume  of  a  concentrated  solution  of  common  salt. 

Boiling  may  giye  a  precipitate  of  earthy  phosphates  in  an  aJkatine 
mine,  owing  to  the  COj  being  driven  off.  This  precipitate  might  be 
mistaken  for  albumin,  but  on  adding  acetic  or  nitric  acid,  the  earthy 
precipitate  is  dissolved,  while  the  precipitate  of  albumin  is  not  dissolved. 
In  testing  for  albumin,  always  use  dear  urine.     K  it  is  turbid,  filter  it. 

[(/.)  Meiaphosphoric  add  is  dissolved  in  water  just  before  it  is 
to  be  used  and  added  to  clear  urine  (Hindenlang).  Graham  pointed 
out  that  metaphosphoric  acid  precipitated  albumin.  A  20  per  cent, 
solution  of  the  ordinary  glacial  phosphoric  acid  is  a  good  test  for 
albumin,  but  it  also  precipitates  peptones.  It,  however,  changes  into 
ordinary  phosphoric  acid  by  keeping,  and  then  it  no  longer  precipitates 
albumin.] 

[(^.)  Acidulate  10  c.c.  of  urine  with  acetic  add,  and  add  ^  of  its 
volume  of  a  concentrated  solution  of  sulphate  of  soda  or  magnesia.  On 
healing,  if  albumin  be  present,  a  distinct  cloudiness  is  obtained.] 

\(h)  Tji  picric  acid,  according  to  Dr.  Johnson,  we  have  a  more  delicate 
test  for  minute  traces  of  albumin  than  either  heat  or  nitric  acid^  or 
than  both  these  tests  combined.  It  is  used  either  m  the  form  of 
crystals  or  powder,  or  as  a  saturated  aqueous  solution.  Take  a  four- 
inch  column  of  urine  in  a  test-tube,  hold  the  tube  in.  a  slanting 
direction,  and  pour  an  inch  of  the  picric  acid  solution  on.  the  aarface 
of  the  urine,  where  in  consequence  of  its  low  specific  ^avity  (1,005), 
it  mixes  only  with  the  upper  layer  of  the  urin&  It  coagulates  any 
albumin  present  The  precipitate  occurs  at  once,  and  is  increased  by 
heait,  while  the  urate  of  soda,  which  is  sometimes  precipitated,  is  aolnbia 
on  heating.] 

[Dr.  Roberts  regards  any  test  for  albumin  which  reqaiies  strong  addnlation 
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with  an  organic  add,  citric,  acetic,  or  lactic,  as  nnsatisfactory,  since  it  precipitatea 
mucin.  For  this  reason  he  rejects  the  tongstate,  mercuric-iodide,  and  potassic 
ferrocyanide  tests.  Dr.  Roberts  regards  the  heat  test  with  the  addition  of  a 
small  definite  quantity  of  acetic  acid,  as  the  best  test  for  the  detection  of  small 
quantities  of  albumin.] 

ftnaatitatiYe  Estimation  of  albumin. — lOO  cc.  of  urine  are  boiled  in  a. 
capsule,  some  acetic  add  being  ultimately  added,  whereby  the  albumin  is  pre- 
cipitated in  flakes.  The  precipitate  is  collected  on  a  weighed,  dried  (110°),  and 
ash-free  filter,  and  repeatedly  washed  with  hot  water,  then  with  alcohol,  and 
completely  dried  in  an  air-bath  at  110^  Lastly,  the  dried  filter  with  the  albumin 
is  bmned  in  a  weighed  platinum  capsule,  and  the  weight  of  the  ash  also  deducted 
from  it 

[This  inethod  is  not  available  for  the  busy  practitioner  on  account  of  the  time  it 
takes.  Practically,  it  is  sufficient  to  compare  from  day  to  day  the  proportion  that 
the  predpitated  albumin  bears  to  the  bulk  of  the  urine  tested.  A  graduated  tube 
may  be  used,  so  that  after  the  precipitate  has  subsided,  the  physician  may  see 
whether  it  occupies  one-fourth  or  one- tenth  of  the  fluid,  as  the  case  may  be.] 

2.  Globulin  occurs  sometimes  in  albuminous  urine  (Senator,  Edlefsen). 
According  to  the  former,  it  always  accompanies  serum-albumin.  Its  presence  ia 
ascertained  by  adding  powdered  magnesium  sulphate  in  excess  to  the  urine  which 
precipitates  it  (§  32).  The  more  globulin  there  is  in  the  presence  of  albumin,  the 
more  difficult  it  is  to  precipitate  it.  .  [Sometimes,  when  an  albuminous  urine  is 
dropped  into  a  large  cylinder  of  water,  ecu^h  drop  as  it  sinks  is  followed  by  a 
milky  train,  and  when  a  sufficient  number  of  drops  has  been  added,  the  water 
becomes  opalescent,  which  disappears  on  adding  an  acid.  The  globulin  is  kept  in. 
solution  by  common  salt  and  other  neutral  salts,  but  when  these  are. largely 
diluted,  the  globulin  is  precipitated  (Roberts).] 

3L  Foptone  (v.  Frerichs,  1851)  occurs  in  some  specimens  of  albuminous  urine,  but 
also  in  non-albuminoas  urine  (Gerhardt).  Mdxner  found  it  constantly  in  the  uriue- 
in  all  cases  where  suppuration  is  present,  e.^.,  in  exudations,  abscesses,  resolution 
of  pneumonia,  and  in  articular  rheumatism,  when  the  attack  is  passing  off  (v. 
Jaksch).  Peptone  occurs  in  pus,  and  the  peptonuria  in  these  cases  is  a  sign  of  the 
breaking  up  of  the  pus-cells  (Hofmeister). 

Tost* — Separate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.  Treat 
the  filtrate  with  three  volumes  of  alcohol;  this  precipitates  the  peptone,  which,, 
when  dissolved  in  water,  gives  the  characteristic  reactions  for  peptone  (p.  332). 

4.  Fropeptone  occurs  much  more  rarely  in  osteomalacia  (Macynter  and  Bence 
Jones) — see  p.  331. 

5.  Eg^-albnnun  appears  in  the  urine  when  much  egg-albumin  is  taken  in  tha 
food,  and  also  when  it  is  injected  into  the  blood-vessels  ( §  192,  4).  According  to 
Semmola,  the  albumin  present  in  the  urine  in  Bright's  disease,  has  undergone  a 
molecular  change  (similar  to  egg-albumin),  and  hence  it  is  excreted. 

6.  MUCIIB  is  present  in  large  amount,  especially  in  catarrh  of  the  bladder.  It 
contains  numerous  mucus-corpuscles,  which  are  scarcely  distinguishable  from  pus- 
corpuscles.  They  contain  albumin,  so  that  urine  containing  much  mucus  is 
albuminous;  mucin  is  not  precipitated  by  heat,  but  acetic  acid  gives  a  flocculent 
precipitate  in  clear  urine.  [Minute  traces  of  mucin  occi;ir  normally  in  uriDC.  If 
clear  normal  urine  be  set  aside  for  a  short  time,  a  flocculent  haziness  like  a  cloud 
of  cotton  wool,  is  seen  floating  in  the  urine.  This  is  mucus  entangliDg  a  few 
epithelial  cells  from  the  genito-urinary  tract 

[Mncin  BeactiOIl. — According  to  W.  Roberts,  the  addition  of  a  concentrated 
solution  of  citric  add  to  urine,  as  in  Heller's  test  (p.  552),  where  the  two  fluida 
meet,  causes  an  opalescent  zone  gradually  to  be  formed  above  the  layer  of  acid.] 


KSXAWKIA  AND  HfMOOLOSINTJRIA. 


265.  Blood  in  Urine  {Hematuria)— Haemoglobinuria- 

I-  Source  of  tlie  Blood.— (l)  in  hamaturia,  the  blood  may  come  from  aay 
part  of  the  miuary  apparatng.  1.  Id  hcmoiriiE^  from  the  Hdnej/,  the  amount 
of  blood  ia  naually  small  ood  well  mixed  with  the  urine.  The  presence  of 
"blood-cy linden,"  long  microicopic  blood  coagola,  cuts  of  the  nrinif erons  tubnie*. 
are  characteristic  when  they  are  found  in  the  orine  (Fig.  213).  The  wine  naoally 
haa  a  tmohy  appearance. 

[The  urine  alowljr  diasolves  oat  the  colouring  matter,  the  stroma  of  the  cor* 
posclea  after  a  time  being  deposited  aa  a  browniah  aedimanU  The  smoky 
hue  ocoura  only  in  acid  urine;  if  the  urine  becomes  allcaline,  the  hae  become* 
brighter  red.] 


Spectroscope  for  investing  the  presence  of  haemoglobin  in  orine. 

I^Tge  coagnla  are  never  foand  in  orioe  mixed  with  blood  derived  from  the 
kidney.  2.  In  htemorrhage  from  the  ureier,  we  occasionally  find  worm-like  masses 
of  clotted  Uood,  casts  of  the  canal  of  the  ureter.  3.  The  relatively  largest 
coagnla  occur  in  hnmorrhage  from  the  bladder.  In  al!  cases  where  blood  is  present, 
wemnstezaminemicroscopicsll;fortheblood-corpaicleB,and  it  may  be  for  coagnla- 
of  fibrin. 

IL  Hnnu^lobillnria  is  qnite  distinct  from  biemataria.  It  depends  npon  the 
excretion  of  hamoglobia  as  lue/i  through  the  kidneys,  and  it  is  produced  when 
biemoglobin  occurs  free  within  the  blood-vessels,  as  in  cases  where  the  coloured 
blood-corpnsclea  have  been  dissolved  inside  the  btood-vessels  (hiemocytolysis). 
It  occurs  when  foreign  blood  is  transfused,  e.g.,  when  lamb's  blood  is  transfused 
into  man.  Tbo  foreign  blood-corpuscles  ore  dissolved  in  the  blood  of  the 
recipient,  and  the  biemoglobin  appears  in  the  urine  (§102).  In  addition, 
microscopic  "cylinders,"  consisting  of  a  globulin-like  body  tinged  yellow  with 
hemoglobin,  may  likewise  be  found  in  the  urine.     It  also  occars  in  cases  of  severe 
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bami  n  10,  3);  after  deoomponUon  of  tiie  blood  in  pyteoM,  aoothataa,  porpim, 
severe  ^hiu,  after  recpiring  Msudnietted  hTdrogen,  and  after  the  paoMge  of 
■zobenzol  (B«amum  and  Herter),  of  na^ditol  (Eaposi),  pytogalUo  aoid,  potaado 
fibloratet  ohloral,  photphonu,  or  cuboliu  add  into  the  pjicnlation.     Thtaa  mib- 


Fig.  203. 
Sligbtlrdiatended  redblood-ooipuclea  in  nrinexSIML 


Pig.  sot. 
Cranated  lad  Uood-corpuclei  in  nriiw  x  3SQ. 

vtancea  dlaaolve  the  red  blood-corposclea.    Sometiinei  it  ocoon  periodkaUi/  from 
'^inTitfit  uid  oonditiona)  as  yet  but  little  undenti^id,  &£.,  UuLWDlicatioo-of  mid  tc 
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Taits  tot  Blood  in*  Urine.— l.  Tha  colour  of  bloody  urine  (riiows  ervry  tint, 
faua  a  faint  red  to  a.  dark  blackish-brown,  according  to  the  amount  of  blood 
preaentb    The  nzine  is  often  turbid. 

SL  Uiine  containing  blood  or  blood-pigment  contains  oZ&ufiMR. 

S»  Holler's  Blood-test. — ^Add  to  nrine  half  its  volume  of  solution  of  caustic 
potash,  and  heat  gently.  The  earthy  phosphates  are  precipitated,  and  they 
carry  the  hinmatin  with  them,  falling  as  garnet-red  flocculi*  [This  is  not  a 
reliable  test.] 

4.  HffimiTl  Test.— The  coloured  earthy  phosphates  may  be  collected  on  a  filter, 
and  firom  them  hemin  may  be  prepared  as  directed  in  §  19. 

5.  Almen's  Test. — Add  to  urine  freshly  prepared  tincture  of  guaiacum  and 
osonised  ether;  a  blue  colour  indicates  the  presence  of  blood  (§  37).  • 

6-  Spectroscope,  By  the  (see  §  14),  Fig.  202  shows  the  arrangement  of  the  ap- 
paratus. The  urine  is  placed  in  a  glass  vessel,  D,  with  parallel  sides,  1  centimetre 
apart  {hcemcUmofneter).  Light  from  a  lamp,  E,  passes  through  the  fluid.  The  lamp, 
F,  illuminates  the  scale  which  is  seen  by  the  observer  thjK>ugh  the  telescope,  A. 
(a.)  Freak  urine  coniaimng  blood  gives  the  spectrum  of  oxyhemoglobin  (Fig.  11). 


Fig.  205. 
Coloured  and  (a)  colourless  blood-corpuscles  of  various  forms  x  360. 

{h.)  When  bloody  urine  is  exposed  for  some  time,  especially  in  a  warm  place,  it 
becomes  more  add,  and  assumes  a  dark  brownish-black  colour.  The  hssmoglobin 
becomes  changed  into  methcBmoglobin  Q 15).  It  is  precipitated  by  lead  acetate^ 
trhich  does  not  precipitate  oxyhsemoglobin ;  the  spectrum  of  methsmoglobin 
resembles  that  of  hiematin  in  an  add  solution  (§  15,  Fig.  11).  (c.)  The  micro8copic 
investigation  must  never  be  omitted.  The  shape  of  the  corpusdea  may  vary  odu- 
siderably,  as  is  shown  in  Figs.  203-205. 

Blood-corpuicles  may  be  detected  after  2-3  days  in  aoid  urine,  and  they  showno 
disposition  to  fbrm  rouleaux.  If  the  haemorrhage  was  pretty  large,  the  corpusdea 
^ve  either  a  normal  shape  or  are  slightly  swollen  (Fig.  203).  If  the  urine  is 
oonoentrated,  they  axe  usually  orenated  (Fig.  204).  The'oorpuscles  gradually  sub- 
side in  urine  left  to  stand  for  a  time. 

TOittitihabliMd  is  slowly  and  sparingly  mixed  with  the  urine,  theblood?«QrpiiaQlas 
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mre  of  very  unequal  sue,  vhile  their  colouring  nuttei  beooiUM  brom,  oving  to  tha 
fonnaiticin  of  methnmoftlobin. 

SometimM  lymph-corpiuclei  (Fig.  206)  »n  prwent  in  oonaiderkble  nvmben, 
eaped&Uj  in  caburhal  influnmation  of  the  bladder.  When  quite  freah,  timj  may 
exhibit  airu^id  movement.     In  tunmoniacal  urine,  we  uaniilj  meet  with  triple 


Much  BbriveUed  blood-corpnscles  in  urine  {catarrh  of  tho  bladder),  vith 
nnmerous  lymph -corpiucleB,  and  cryetala  of  triple  phosphate  x  350. 

phosphate  cryatala  (Figi.  200,  201).     If  the  red  corpusclea  have  become  faiut,  tbey 
may  be  made  viaible  by  adding  a  drop  of  solution  of  iodiue  id  potasuam  iodide. 
Blood  iB  always  present  in  the  urine  during  menilmation. 


266.  Bile  in  Urine  (Cholurla). 

The  physiological  conditions  which  cause  the  bile-constituenta  to  appear  in  the 
-urine  are  mentianed  in  part  at  £  180. 

EamatOgenlc,  or  Anhepatogenic  Icterus  (Quincke)  occnra  when  bilinibin 
(g  20)  is  formed  from  extravMated  blood  b^  the  action  of  the  connective -tissue 
corpusclea,  to  that  bile  pigments,  in  addition  to  colouring  the  tissues,  pass  into  the 

I-  Bile  PigtnentB. — Their  presence  is  ascertained  by  OTiKlin-Nelntt's  teM. 
Orten  (Biliverdin)  is  the  characteristic  hue  in  the  play  of  colours  obtained  with 
thb  test,  which  is  fnlly  described  at  p.  357. 

ModiflcatiOtLSOf  tiieTeat.— 1.  if  icteric  urine  be  filtered  through  filtering  or 
blotting  paper,  a  drop  of  nitric  acid  containing  nitrous  acid,  when  applied  to  the 
iunermrfoce  of  the  spread-out  filter,  gives  a  yellawish-coloared  ring  (Rosenboch). 
2,  In  order  that  the  reaction  may  not  take  place  too  rapidly,  add  a  concentrated 
solution  of  sodic  nitrate,  and  then  slowly  ponr  in  sntphuHc  acid  (Fleischl).  3.  Ou 
shaking  50  c.c.  of  icteric  nrine  witli  10  cc.  chloroform,  the  bilirubin  is  dissolved 
hy  the  latter.  On  adding  bromine  water,  a  beautiful  ring  of  colours  it  obtained 
(UolyJ.    If  the  chloroform  extract  be  treated  with  ozonised  tjirpentlne  and  dilute 
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eaustic  potash,  a  green  colour,  due  to  biliyerdiii,  occurs  in  t^e  watery  fluid 
(Gerhardt). 

In  slight  degrees  of  jaundice,  urobilin  alone  may  be  found  (§  261, 1)  (Quincke). 

In  persistent  higl^  fever,  the  uiine  contains  especially  Inliprasin  (Huppert).  If  it 
contains  chcleteUn  alone,  add  to  the  urine  some  hydrochloric  «cid,  and  examine  it 
with  the  spectroscope,  which  gives  a  pale  absorption-band  between  h  and  F 
(1 177, 3,/). 

Hsmatoidin. — Sometimes  crystals  of  hcantUoidin  (§  20,  fig.  14)  appear  in  the> 
urine,  especially  when  blood-corpuscles  are  dissolved  within  the  blood-stream, 
occasionally  in  scarlet  fever  and  typhus,  and  sometimes  in  cases  of  periodic  hsemo- 
globinuria.  The  breaking  up  of  old  blood-clots  in  the  urinary  passages,  as  in  pyo- 
nephrosis (Ebstein),  or  during  the  dissolution  of  necrotic  areas  (Hofmann  and 
Ultzmann)  produces  them,  and  similar  crystals  occur  in  analogous  cases  in  the 
sputum  (§  IdS),  In  jaundice  due  to  congestion  (§  180),  the  identical  crystalline 
substance,  bilirubin,  is  found. 

U.  Bile  acids  occur  in  largest  amount  in  absorption-jaundice^  but 
they  are  never  present  to  any  extent. 

The  testis  described  at  §  177, 2,  the  cane-sugar  solution  consisting  of  0*5  grm.  to 
1  litre  of  water.  If  the  urine  be  dilute,  it  is  advisable  to  conoeutrate  it  on  a  water- 
bath.  Von  Pettenkofer's  test  may  be  used  with  ^he  alcoholic  extract  of  the  nearly 
dry  residue,  but  no  albumin  must  be  present  Dragendorff  found  0'8  grm.  in  100 
litres  of  normal  urine. 

Strassburg's  Modification* —Dip  filter  paper  into  the  urine,  to  which  a  little 
cane-sugar  has  been  added;  dry  the  paper  and  apply  to  it  a  drop  of  sulphuric 
acid.    A  violet-red  colour  is  obtained  after  a  short  time. 


267.  Sugar  in  Urine  (Glycosuria). 

Diabetes  MellitUS- — The  excessively  minute  trace  of  grape-sugar,  which  is 
constantly  present  in  normal  urine,  sometinies  becomes  greatly  increased  and 
constitutes  diabetes  melUtus  or  glycosuria.  The  physiological  conditions  which 
determine  this  result  are  given  at  §  175.  In  this  condition,.the  quantity  of  urine  is 
greatiy  increased— it  may  reach  10  or  more  litres.  Many  pints  may  be  passed 
daily.  The  specific  gravity  is  also  increased  (1030-1040).  [In  a  case  where  a  large 
amount  of  urine  is  passed  of  a  pale  colour  and  a  specinc  gravity  above  1030,  always 
suspect  sugar.]  A  diabetic  person  gives  off  relatively  more  water  by  the  kidneys 
and  less  by  the  skin  (and  lungs  ?)  than  a  healthy  person.  The  colour  is  very  palo 
yellow,  although  the  amount  of  pigment  is  by  no  means  diminished — it  is  only 
diluted.  The  amount  of  the  nitrogenous  urinary  excreta  is  increased.  The  sugar 
is  increased  by  a  diet  of  carbohydrates  and  diminished  by  an  albuminous  diet. 
The  uric  acid  and  oxalate  of  lime  are  often  increased  at  the  commencement  of  the 
disease,  while  yeast  cells  are  constantly  present  after  the  urine  has  been  exposed 
to  the  air  for  some  time. 

Sugar  has  been  found  occasionally  after  poisoning  with  or  after  the  use  of 
morphia,  CO,  chloral,  chloroform,  curara;  after  the  injection  of  ether  and  amyl 
ziitrite  into  the  blood;  and  in  gout,  intermittent  fever,  cholera,  cerebrospinal 
meningitis,  hepatic  cirrhosis,  and  cardiac  and  pulmonary  affections. 

Tests. — Any  of  the  tests  described  at  §  149  may  be  used,  but  the  urine  must  be 
£ree  from'albumin.  The  quantitative  estimation  by  fermentation  and  the  titration 
methods  are  described  in  §  149.  [The  tests  for  grape-sugar  described  in  §  149  are — 
1,  Trommer's;  2,  Fehling's;  3,  Moore  &  Heller's;  4^  B^ttger's;  5,  Mulder  &. 
^eubaner's;  6,  Fermentation  test.] 


060  TESTS  IDB  SUGAR  IN  URINE. 

[7*  P<wif9  ted  is  a  modification  of  Fehling's.  In  efltimating  the  vmonnt  of 
sugar,  Payy  adds  a  quantity  of  ammonia  to  the  copper  solntion  to  prevent  tibe 
precipitation  of  the  cnprons  oxide  f  onned  by  the  rodndng  action  of  the  grape* 
sugar.  By  this  method  the  disappearance  of  the  Une  tint  in  the  fluid  dnring 
titration  is  rendered  more  eaqr.  Air  must  be  oompletely  ezdnded  iiaam  tiift  * 
AmmfttiiTt^l  cnprons  station  dnring  the  determination.] 

[8.  TJie  Picric  Add  and  Potash  Tut, — Braun  showed  that  grape-sugar,  when 
boiled  with  picric  acid  and  potash,  reduces  the  yellow  picric  add  to  the  .doep  red 
picramic  acid,  the  depth  of  the  colour  depending  on  the  amount  of  sngsr  present. 
Dr.  Johnson  uses  this  test  for  detecting  the  presence  of  sugar  in  mine,  md  als» 
for  estimating  the  amount  of  sugar  present — ^the  depth  of  the  red  colour  obtained 
in  boiling  being  compared  with  a  standard  dilution  of  ferric  acetata  In  doing  th# 
test,  use  1  drachm  of  urine,  i  a  drachm  of  liquor  potasse,  and  10  minims  of  puaio 
add  solntion— mfbke  up  to  2  drachms  with  distilled  water,  snd  boil  the  mixture 
for  one  minute.  This  test  indicates  the  presence  of  0*6  grain  of  sugar  per  fluid 
ounce  of  normal  urine.  Dr.  Johnson  claims  for  this  test  that  it  possesses  all  the 
adTBntages  of  the  other  tests,  while  it  is  not  affected  by  uric  add  or  any  other 
normal  ingredient  of  urine;  ndther  does  the  presence  of  albumin  interfere  with  th» 
action  of  the  test  as  it  does  witih  all  the  forms  of  copper  testing.] 

[9.  Indig<Hsarmme  Test, — ^A  blue  solntion  of  this  substance,  when  boiled  with, 
diabetic  urine  containing  sodic  carbonate,  changes  from  a  blue  to  violet,  purple- 
red,  yellow,  and  finally,  straw-ye^w  colour.  After  cooling  and  exposure  to  the 
air,  tiie  vaiious  colours  are  obtained  in  the  reverse  order  until  the  mixture  beoomea 
blue  again.  Dr.  Oliver  uses  this  test  in  the  form  of  papers  Impregnated  with 
indigo-carmine  and  sodic  carbonate.] 

In  general  the  reaction  with  Fehling's  solution  is  more  delicate  than  with 
Trommer*s  test  (Worm  Mllller  and  Hagen).  In  doing  Trommer's  test.  Worm 
Mliller  recommends  that  the  mixture  of  the  urine  and  cupric  sulphate  solution  be 
boiled  by  itself,  and  the  caustic  potash  by  itself  for  20  seconds,  when  the  two- 
fluids  are  mixed  and  set  aside  for  some  time. 

The  quantitatiYe  estimatiOIl  by  (a)fer7nenUUion  is  described  at  §  150. 

(6)  TUraiion  vnth  FehUng's  solution  or  Volumetric  analysis, 

IPrqHxraiion  of  Fehling's  Soltttion, — 34*64  grammes  of  pure  crystalline 
cupiic  sulphate  are  powdered  and  dissolved  in  200  cc.  of  distilled  water;  in 
another  vessel  dissolve  173  grammes  of  Bochelle  Salts  in  480  cc.  of  pure  caustie 
soda,  specific  gravity  1*14.  Mix  the  two  solutions  and  dilute  the  deep  coloured 
fiuid  which  results  to  1  litre,  ^.j?.— Fehling's  solution  ought  not  to  be  kept  too 
long;  it  is  apt  to  decompose,  and  should  therefore  be  preseiVed  from  the  light,  or 
protected  with  opaque  paper  pasted  on  the  bottle.  Some  other  substances  in 
urine,  e,g,,  urates  and  uric  acid,  reduce  cupric  oxide.] 

nTolnmetric  AnalTSis.— lO  cc.  of  Fehling's  solution  =  *05  gramme  of  sugar. 

1.  Asoertdn  the  quantity  of  urine  passed  in  24  hours.  2.  Filter  the  urine  and 
remove  any  albumin  present  by  boiling  and  filtration.  3.  Dilute  10  cc  of  Fehling'a 
solution  with  about  20  times  its  volume  of  distilled  water,  and  place  it  in  a  white 
porcelain  capsule  on  a  wire  gauae  support  under  a  burette.  (It  is  diluted  because 
any  change  of  colour  is  more  easily  observed.)  4.  Take  5  cc.  of  the  urine, 
add  95  c  c  of  distilled  water,  and  place  the  diluted  urine  in  a  burette.  5.  Gradually 
boil  the  diluted  Fehling's  solution,  and  whilst  it  is  boiling,  gradually  add  the  diluted 
urine  firom  the  burette,  until  all  the  cuprous  oxide  is  predpitated  as  a  reddish 
powder,  and  the  supematent  fluid  has  a  straw-yellow  colour,  not  a  trace  of  bine 
remaining.  Bead  off  the  number  of  cc.  of  dilute  urine  employed.  Say  36  cc. 
were  used — that,  of  course,  represents  1*8  cc  of  the  original  urine. 

Suppose  the  patient  passes  8,550  cc,  as  1*8  cc  of  urine  reduced  sll  the  cnprio 
oxide  in  the  10  cc  of  Fehling's  solution,  it  must  contain  '05  gramme  sugar, 
hence. 
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CImmpAuiB&tiniL— The  nccfamnnurter  of  Soliel-Veatzke  sn^  be  naed  to 
detsmine  Ha  xmonnt  of  sagtz  piuanat.     It  may  alio  be  used  for  the  qoBntitalxre 


Fig-  207. 
Soliel-Veat^e'i  FoluisatLon  AppBratei, 

ectunstum  of  •Ibnmiu.  Bagu  roUtea  the  my  of  poluised  light  t«  tlie  ri^lit  aad 
■Ununiii  to  the  left  Tha  amouiit  of  rotatioD,  oi  "specific  rotatoiy  power,"  Is 
directly  proportlaiud  to  the  amonnt  of  the  rotk&ig  subatttnce  present  in  the  solntion, 
so  that  the  Bmomt  of  rotalioii  of  tile  ray  indioatoa  the  amonnt  of  the  aabstanM 

In  Fig.  207  the  light  from  the  lamp  falls  npou  a  crystal  oFcalc-spar.  TwoNicol's 
prisms  are  placed  at  v  and  «,  c  is  movable  romid  the  sjds  of  vidon,  vhile  i  ia- 
fixed.  In  mSoleil'i  double  pUt«  of  qnarti  Is  placed;  so  that  oue-hnU  of  it  rotates 
tiie  ray  of  polarised  light  as  much  to  the  right  as  the  other  rotates  it  to  the  left. 
In  nUie  field  of  Titian  iacoreied  by  apUteof  l^/l-rolatory  uvutx.  At  6  e  is  tli» 
conpauaior,  oonipuawl  of  two  right-totatoiy  ^imu  of  qnarti^  which  can  be  di*- 
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|iUced  latenllf  by  the  milled  be«d,  g,  to  that  th»  polsrliad  light  pkMiog  thiongb 
tbe  appuatiu  can  be  made  to  piw  throngb  ft  thiokec  or  thinner  Uyer  of  qnuta. 
When  these  right-rotatorr  priima  ara  placed  in  a  certain  poeition,  Uie  rotation  of 
left-rotatory  quartz  at  n  ig  exactly  neutraJiaed,  In  this  pomtion  the  ooale 
on  the  compeoMtor  hM  ita  nouioa  exactly  at  o,  and  both  halves  of  the  doable 
plate  at  ni  appear  to  have  the  same  colour  to  the  observer,  who  fmn  r  looks 
throngb  the  telewope  placed  at  e.  Rotate  the  Nicol'a  prism  at  «  nntil  a  bright 
rose-coloored  field  is  obtained.  In  this  podtion  the  telesoope  mnat  be  ao  adjusted 
that  the  vertical  line  bonnding  the  two  halvei  shall  be  diitinctly  visible.  The 
apparotae  is  now  ready  for  ose. 

Fill  a  tnbe,  1  decimetre  in  lengtli,  with  urine  containing  sngaror  albumin,  the  nrine 
being  perfectly  clear.  The  tube  is  placed  between  m  and  n.  By  rotating  the  Nicol'a 
prisma,  v,  the  roee-coloor  is  again  obtained.  The  compensator  at  (i  is  then  rotated 
until  both  halves  of  the  field  of  vision  have  exactly  the  same  colour.  When  this  is 
obbuned,  read  off  on  the  scale  the  number  of  degrees  the  nonins  is  displaced  to  tbe 
right  (sugar)  or  to  the  left  (albumin)  from  zero.  Tbe  number  of  degrees  indicates 
directly  Renumber  of  grammes  of  the  rotating  snbatance  present  in  100  c.c.  of  the 
fluid.  If  the  fluid  is  very  dark-oobnred,  it  most  be  decolorised  by  filtering  it 
throngh  animal  charcoal  (Seegen)  [or  the  colouring  matter  may  be  precipitated  by 
the  addition  of  lead  acetate.]  If  the  sugary  urine  contains  albumin,  tbe  latter  must 
be  removed  by  boiling  and  filtration.  A  turbidity  not  removed  by  filtration  may 
be  got  rid  of  by  adding  a  drop  of  acetic  acid  or  several  drops  of  sodic  carbonate  or 
milk  of  lime,  and  afterwards  filtering. 

Hilk-BIlgar  is  sometimes  found  in  the  mine  of  women  who  are  nursing ;  when 
the  secretion  of  milk  is  aireeted,  absorption  taking  place  from  the  breasts  (Kirsten, 


Laevulaae  (p.  611)  is 


Ino^  oiystallised  partly  from  alcohol 
and  partly  from  water  (after  Funke). 


(fori-rid  colour,  idiich  disappears  o 


found  in  diabelic  u: 
Diabetic  urine  sometime*  contains 
aceton  (§  ^62).  Dextrin  has  also 
been  found  in  diabetio  urine.  DtOUt 
or  muscle-sugar  (p.  613)  is  some- 
times found  in  diabetes.  In  polyuria 
(Moaler)  and  albuminuria.  It  is  found 
in  traces,  even  Id  normal  urine. 
Occasionally,  after  the  piqQre  in 
animals  (S  175)  inosit,  instead  of  grape- 
sugar,  appears  in  the  urine  (Fig.  20S). 
In  testing  for  inosit,  remove  the  grape- 
SDgor  by  fermentation,  and  the  albumin 
by  heat,  after  the  addition  of  a  few 
drop*  of  aoetic  acid  and  sodic  sulphate. 
Some  of  tbe  filtrate  is  evaporated 
nearly  to  dryness  on  a  capsule.  To 
the  residue  add  two  drops  of  mercuric 
nitrate  (Liebig's  titration  -  finid  for 
urea),  which  gives  a  yellow  pre- 
cipitate. When  this  coloured  reaidae 
is  spread  out  and  carefully  heated  a 
cooling,  is  obtained  (Gallois,  EOlz). 


Cystin  =  CaH,NSOa. 


This  left-rotatoiy  body  occurs  very  seldom  in  large  amount  in  sriue,  although  it 
seems  to  be  a  oonstibient  of  normal  urine.    It  may  be  la  solotioa  at  In  the  form 
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«f  hezigotul  eryitftli  {Fig,  SOS,  A').     It  ii  inMloble  in  wa*ar,  aloobcO,  and  eSOr, 
but  fluily  solnLlo  in  *mn>ftT>ift|  tcom  wiiiali  i<rfnti<]^  ii  mmv  \m  cijiUliiid* 


Hg.  209; 
A,  CiysUUof  oyrtin;  B,  oxalate  of  lime;  c,  honr-glua  foma  of  il 


269.  Leuoln  =  CHiJfO..     Tyrosin  =  CAiNO,. 

Both  bodiet  occur  in  Qie  urina  in  acute  yellow  atrophy  ot  the  Itver,  and  in 
poiaoning  by  phoiphoraa.    (Their  fbraiataon  dnriug  pancreado  digeitiiiD  has  been 


Fig.  210. 
aa,  Leneim  balls';  bb,  tyronn  sheaves;  c,  doable  balls  o£  aminoiiiiun  orate. 

rafenvd  to  in  S 170,  II).     Aa  the  urea  excreted  ia  oanally  diminidied  at  the  same 
time,  it  ia  aganmed  that,  in  theie  diseawB,  the  farthti  ojddafcgi  of  the  datirKtiTW 
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of  the  proteids  is  interfered  witli.  LeUCilL,  which  is  either  precipitated  spontane* 
ously  or  obtained  after  evaporating  an  alcoholic  extract  of  the  concentrated  urine, 
occurs  in  the  form  of  yeUowiah-brown  IxiUa  (Fig.  210,  a  a),  often  with  concentric 
markings,  or  with  fine  spines  on  their  surface.  When  heated,  it  sublimes  without 
fusing. 

!^n^08in  forms  silky  Qolourless  sheaves  of  needles  (Fig.  210,  6  &).  When  boiled 
with  mercuric  nitrate  and  nitric  acid  it  gives  a  red  colour,  and  afterwards  a 
brownish-red  precipitate^  When  slightly  heated  with  a  few  drops  of  oonceutrated 
sulphuric  add,  it  dissolves  with  a  temporary  deep-red  colour.  On  diluting  with 
water,  adding  barium  carbonate  until  it  is  neutralised,  boiling,  filtering,  and  add- 
ing dilute  ferric  chloride,  a  violet  colour  is  obtained  (Piria,  Sti&deler). 

.   270.  Deposits  in  Urine. 

Deposits  may  occur  in  normal  as  well  as  id  pathological  urine,  and 
they  are  either  " organised "  or  " uTwrganised" 


L  Organised  DepositB. 

A.  Blood :  red  and  white  blood-corpuscles  and  sometimes  fibrin  (Figs.  203-206>. 

B.  Pn8>  i^  greater  or  less  amount,  in  catarrh  or  inflammation  of  the  urinary 
passages.    Pus  cells  exactly  resemble  colourless  blood-corpuscles  (Fig.  6). 

Donn6*8  Test.— Pour  off  the  supematent  fluid  and  add  a  piece  of  caustic  potash 
to  the  deposit;  if  it  be  pus  it  becomes  gelatinous,  ropy,  and  more  viscid  (alkali- 
albuminate).  MncuS)  when  so  acted  on,  becomes  more  fluid  and  mixed  with 
flocculL 

/  6 


9 
Fig.  211. 

a.  Epithelium  from  the  human  urethra;  &,  vagina;  c,  prostate;  d,  Cowper's  glands; 

e,  Littre's  glands;  /,  female  urethra;  ^,  bladder. 

C.  Epithelium  of  various  forms  occurs,  but  it  is  not  always  possible  to  say 
£rom  whence  it  is  derived  (Fig.  211). 
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D.  Spermatozoa  nuiy  be  present  (Fig.  196,  a). 

£.  Lower  OrganismB  oocnr  in  the  urinary  passages  very  seldom,  bnt  they 
may  be  present,  e.g,,  in  the  bladder,  when  germs  are  introduced  from  withont  by 
means  of  a  dirty  catheter.  [Before  introducing  a  catheter  into  the  bladder  we 
ought  always  to  make  sure  that  the  instrument  is  perfectly  aseptic]    Micrococci 


a.  Micrococci  in  short  chains  and  groups;  6,  sarcinse;  c,  fungi  £romacid  fermenta* 
tion ;  <2,  yeast-cells  from  diabetic  urine;  e,  mycelium  of  a  fimgus. 


are  found  in  the  urine  in  certain  diseases,  e,g,y  diphtheria.    The  following  forms 
can  be  distinguished: — 

1.  Schizomycetes  (§  184).  Normal  human  urine  contains  neither  schizomy- 
cetes  nor  their  spores.  In  pathological  conditions,  however,  fimgi  may  pass  from 
the  blood  into  the  urinary  tubules  and  thus  reach  the  urine  (Leube). 

During  the  alkaline  fermentation  of  urine,  micrococci  (Micrococcus  uree),  rod- 
shaped  bacteria  or  bacilli  (Figs.  198,  199)  may  occur.  SardruB  belong  to  the 
above  group  (§  186). 

2.  Saccharomyoetes  (fermentation  fungi) :  (a)  The  fungus  of  the  acid  urine 
fermentation  (8.  urinse)  consists  of  small  bladder-like  cells  arranged  either  in 
chains  or  in  groups  (Figs.  199,  d ;  212,  c).  {h)  Yeast  (S.  feimentum)  occurs  in 
diabetic  urine,  as  oval  cells  with  a  dotted  eccentrically  placed  nucleus  (Fig.  212,  d). 

S,  Fhytomyoetes  (moulds)  occur  in  putrid  urine  (Fig.  212,  e).  They  are 
without  clinical  significance. 

F.  Tabe  Casts. — The  occurrence  of  tube  casts,  i.€.,  casts  of  the  miniferous 
tubules  (Henle,  1837)  is  of  great  importance  in  connection  with  the  diagnosis  of 
renal  diseases.  If  these  structures  are  relatively  thick  and  straight,  they  probably 
come  from  the  coUecting  tubules,  but  if  they  are  smaller  and  twisted,  they 
probably  come  firom  the  convoluted  tubules.  There  are  various  forms  of  tub<» 
casts : — 1.  EpUheUal  casts,  consisting  of  the  actual  cells  of  the  uriniferous  tubules. 
They  indicate  that  there  is  no  very  great  change  going  on,  but  only  that,  as  in  catarr* 
hal  inflanunation  of  any  mucous  membrane,  the  epithelium  is  in  process  of  desqua* 
mation.    2.  ffyaiine  casts  (Fig.  214)  are  quite  clear  and  homogeneous,  usuaUy  long 
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and  siojUI;  sometimeH  they  i 
puticlefc    Tbej  are  bert  lo 


re  "finely  grwmlif , "  fiom  tha  ptoanca  of  fat  or  other 
1  after  the  additum  of  a  acdntian  of  iodine.    They  are 


Fig.  213,      ' 
e,  Blood  cut;  i,  gnutnlar  cast;  a,  amyloid  or  waxy  caat. 

probably  formed  from  albuinin,  whicli  pissci  into  the  DriniferoiiB  tobules.  They 
are  diisolTed  in  alkaline  uriae,  while  aoid  urine  favoora  tliur  formatioD.  They 
tuoally  occur  in  the  late  atagea  of  renal  disease,  after  the  tubnlar  epithelium  haa 


been  abed.  3.  Coaruly  granuiar  caata  (Fig.  213,  6),  browuiah-yeUow,  opaqne,  and 
fjannlar,  oaually  broader  than  2.  There  are  Tarions  forma.  Not  unfreqneDtly 
there  are /af<y  granules  and,  it  maybe,  epithelial  ceUain  them.  4.  Amyloid  aaaii 
occur  in  amybid  degeneratioii  of  the  kidneys  (Fig.  213,  a).  They  are  rafractiTe 
«nd  completely  homogeneous  (Fig.  213,  a),  and  give  a  bine  coloui  (amyloid 
reaction)  with  Balphuric  add  and  iodine.     5.  £lood  aania  oocur  in  capillaiy 


DETECTION  OT  UKINABT  DEPOSITS. 


567 


hfemorrliage  of  the  kidney,  and  conaist  of  coagnlAted  blood  entangling  blood- 
corpQscles  (Fig.  213,  e).  When  tube  casts  are  present,  the  nrine  u  always 
(iUmmmoMM^ 

U  Vnorgaidsed  Deposits. 

Some  of  these  are  crystdUine  and  others  are  amorphous,  and  they  have  been 
referred  to  in  treating  of  the  niinaiy  constitaents. 


271.  General  Scheme  for  detecting  Urinary 

Deposits. 

!•  ^  add  urine  there  may  occur— ^ 
1.  An  amorphous  granular  dej^it: 

(a.)  Which  is  dissolved  by  heat  and  reappears  in  the  cold;  the  deposit  is 
often  reddish  in  colour  =  nrates  (Fig.  197). 

(6.)  Which  is  not  dissolved  by  heat,  but  is  dissolved  by  acetic  add,  but 
without  effervescence  =  probably  tribasic  calciTim  phosphate. 

(c.)  Small  bright  refimctive  granules,  soluble  in  ether = fat  or  oil  g^aiLfdeS 
(§  41,  LipoBmia).  Fat  occurs  in  the  urine,  especially  when  the  round 
worm,  filaria  sanguinis  hominis,  is  present  in  the  blood ;  sometimes, 
along  with  sugar,  in  phthisis,  poisoning  with  phosphorus,  yellow  fever, 
pyaemia,  after  long-continued  suppuration,  and  lastly,  after  the  ii^jection 
of  fat  or  milk  into  the  blood  (§  102).  It  occurs  also  in  fatty  degenera- 
tion of  the  urinary  ap- 
paratus, admixture  with 
pus  from  old  abscesses 
and  after  severe  injuries 
to  bones.  In  these  cases 
attention  ought  to  be  di- 
rected to  the  presence  of 
cholesterin  and  lecithin. 
Very  rarely  is  the  fat  pre- 
sent in  such  amount  in 
the  urine  as  to  form  a 
cream    on    the    sar&ce 

(chyloria). 

2.  A  crystalline  deposit  may  be — 
(a.)  Uric  acid  (Figs.  190, 191, 197, 
and  215). 

(5.)  Calcinm  oxalate  (Figs.  197, 

209,  and  216)— octahedra  ul- 
soluble  in  acetic  add. 
(c.)  Cystin  (Figs.  209  and  217). 

(c^)Leudn  and   tyrosin— very 

rare  (Fig.  210). 


Fig.  215. 

The  usual  forms  of  uric  acid  sediment^ 
with  blood-corpusdes  intermixed  (after 
Fnnke). 


IT.  In  aQokline  urine  there  may  oocnr— 

1.  A  completely  amorphous  granular  depo^  soluble  in  adds  ivithout  effiao> 

vescenoe  =  trihasic  calcinm  j^osphate. 

2.  Sedmail  crystaUiney  or  mfh  a  eharaekristhfontk 

(a.)  Triple  phosphate  (l^.  198, 199,  200,  201,  snd  20$f    Bofableatonce 
m 
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Fig.  216. 

Oxalate  of  lime-^a,  octahedra;  b,  dumb  bell; 
e,  compoimd  octahedra;  circular  and  oval 
crystals  (after  Beale). 


Fig.  217. 

Cystin  precipitated  by  acetic  acid  from 
its  ammoniacal  solution  (after 
Thndichum). 


(&.)  Add  ammoninm  nrate— dark-yellowish  small  balls  often  beset  with 

spines,  also  amorphous  (Figs.  198  and  210). 
(c)  Calciain  carbonate— small  whitish  balls  or  bisouit-shaped  bodies. 

Acids  dissolve  them  with  effervescence  (Fig.  196). 
{d.)  Leucin  and  tyrosin  (Fig.  210) — very  rare, 
(e.)  Neutral  calcic   phosphate   and   long  plates  of  tribasic  magnesic 

phosphate  (Fig.  196). 

OrgaiUBed  deposits  may  occur  both  in  alkaline  and  in  acid  urine ;  pus  cells  are 
more  abundant  in  alkaline  urine,  and  so  are  the  lower  vegetable  organisms. 


272.  Urinary  Calculi. 


Urinary  concretions  may  occur  in  granules  the  size  of  sand,  or  in  masses  as  large 
as  the  fist.  According  to  their  size  they  are  spoken  of  as  sand,  gravel,  stone,  or 
calculL  They  occur  in  the  pelvis  of  the  kidney,  ureters,  bladder,  and  sinus 
prostaticus. 

We  may  classify  them  as  follows  (Ultzmann) : — 

1.  Calculi,  whose  nucleus  consists  of  the  sedimentary  forms  that  occur  in  add 
urine  (primary  formation  of  calculi).  They  are  all  formed  in  the  kidney,  and 
pass  into  the  bladder,  where  they  enlarge  according  to  the  growth  of  the  crystals 
in  the  urine. 

■ 

2.  Calculi,  which  are  either  sedimeTUary  forms  from  alkaline  urine,  or  whose 
nucleus  consists  of  a  foreign  body  (secondary  formation  of  calculi).  They  are 
formed  in  the  bladder. 

The  primary  formation  of  calculi  begins  with  free  uric  acid  in  the  form  of 
sheaves  (Fig.  190,  c)  which  form  a  nucleus,  with  concentric  layers  of  oxalate  of 
lime.  The  secondary  formation  occurs  in  neutral  urine  by  the  deposition  of  calcic 
carbonate  and  crystalline  calcic  phosphate ;  in  cdkaline  urine,  by  the  deposition  of 
acid  ammonium  urate,  triple  phosphate,  and  amorphous  calcic  phosphate. 

Chemical  Inyestis^tioiL— Scrape  the  calculus,  bum  the  scrapings  on  platinum 
foil  to  ascertain  if  they  are  burned  or  not. 

L  Combustible  concretions  can  consist  only  of  organic  substances. 

(a.)  Apply  the  murexide  test  (§  259,  2),  and  if  it  succeeds  uric  aad  is  present. 
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Uric  add  calculi  ave  very  coxmnoni  often  of  considerable  size,  smooth,  fairly  hard, 
and  yellow  to  reddish-brown  in  colour. 

(6.)  If  another  portion,'on  being  boiled  with  caustic  petash,  gives  the  odour  of 
ammonia  (or  when  the  yapour  makes  damp  turmeric  paper  brown,  or  if  a  glass  rod 
dipped  in  HCl  and  held  over  it  gives  white  fumes  of  ammonium  chloride),  the 
concretion  contains  ammoitdum  urcUe.  If  b  gives  no  result,  pure  uric  acid  is 
present.  Calculi  of  ammonium  urate  are  rare,  usually  small,  of  an  earthy  con- 
sistence— ».€.,  soft,  and  pale-yellow  or  whitish  in  colour. 

(c.)  If  the  xanthin  reaction  succeeds  (§  260),  this  substance  is  present  (rare). 
Indigo  has  been  found  in  one  occasion  in  a  calculus  (Ord). 

(d.)  If  after  solution  in  ammonia,  hexagonal  plates  (Fig.  209,  A,  Fig.  217)  are 
found,  cyslm  is  present. 

(6.)  Concretions  of  eoofftdated  blood,  or  Jibrin,  without  any  crystals,  are  rare. 
When  burned  they  give  the  odour  of  singed  hair.  They  are  insoluble  in  water, 
alcohol,  and  ether ;  but  are  soluble  in  caustic  potash,  and  are  precipitated  there- 
from by  acids. 

(/,)  UroeteaUth  la  applied  to  a  caoutchouc-like  soft  elastic  substance,  and  is  very 
Tare.  When  dry  it  is  brittle  and  hard,  brown  or  black.  When  warm  it  softens, 
and  if  more  heat  be  applied  it  melts.  It  is  soluble  in  ether,  and  the  residue  after 
evaporation  becomes  violet  on  being  heated.  It  is  soluble  in  warm  caustic  potash, 
with  the  formation  of  a  soap. 

n.  If  the  concretions  are  only  partly  combustible,  thus  leaving  a  residue,  they 
contain  organic  and  inorganic  constituents. 

(a.)  Powder  a  part  of  the  stone,  boil  it  in  water,  and  filter  while  hot.  The 
urates  are  dissolved.  To  test  if  the  uric  acid  is  imited  with  soda,  potash,  lime, 
or  magnesia,  the  filtrate  is  evaporated  and  burned.  The  ash  is  investigated  with 
the  spectroscope  (§  14),  when  the  characteristic  bands  of  sodium  or  potash  are 
observed.  Magnesic  urate  and  calcic  urate  are  changed  into  carbonate  by  burning. 
To  separate  them  dissolve  the  ash  in  dilute  hydrochloric  acid,  and  filter.  The 
filtrate  is  neutraUsed  with  ammonia, .  and  again  redissolved  by  a  few  drops  of 
acetic  acid.  The  addition  of  ammonium  oxalate  precipitates  calcic  oxaUite, 
Filter,  and  add  to  the  filtrate  sodic  phosphate  and  ammonia,  when  the  magnesia 
is  precipitated  as  ammanio-magneaic  pko^pJuUe. 

(&.)  Calcic  oxalate  (especially  in  children,  either  as  small  smooth  pale  stones,  or 
in  dark,  warty,  hard  ''mulberry  calculi")  is  not  affected  by  acetic  acid,  is  dissolved 
by  mineral  acids  without  effervescence,  and  a,f^n  precipitated  by  ammonia. 
Heated  on  platinum  foil  it  chars  and  blackens,  then  it  becomes  white,  owing  to 
the  formation  of  calcic  carbonate,  which  effervesces  on  the  addition  of  an  acid. 

(c.)  Calcic  carbonate  (chiefly  in  whitish-gray,  earthy,  chalk-like  calculi,  some- 
what rare)  dissolves  with  effervescence  in  hydrochloric  acid.  When  burned  it 
first  becomes  black,  owing  to  admixture  with  mucus,  and  then  white. 

(d.)  Ammomo-magneaic  phosphate  and  boMc  calcic  phosphate  usually  occur 
together  in  soft,  white,  earthy  stones,  which  occasionally  are  very  large.  These 
stones  show  that  the  urine  has  been  ammoniacal  for  a  very  long  time.  The  first 
substance  when  heated  gives  the  odour  of  ammonia,  which  is  more  distinct  when 
heated  with  caustic  potash ;  is  soluble  in  acetic  acid  without  effervescence,  and 
is  again  precipitated  in  a  crystalline  form  from  this  solution  on  the  addition  of 
ammonia.  When  heated  it  fuses  into  a  white  enamel-like  mass ;  pience,  it  is 
called  *'  fusible  calculus  "]. 

Ba^c  calcic  phosphate  does  not  effervesce  with  acids.  The  solution  in  hydro- 
chloric acid  is  precipitated  by  ammonia.  When  ammonium  oxalate  is  added  to  the 
acetic  acid  solution,  it  yields  calcic  oxalate. 

(e.)  NevUral  calcic  phosphate  is  rare  in  calculi,  while  it  is  frequent  in  the  form 
of  gravel.  Physically  and  chemically,  these  concretions  resemble  the  earthy 
phosphates,  only  they  do  not  contain  magnesia. 
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273.  The  Secretion  of  Urine* 

[The  fimcfcioiB  of  the  kidney  are — 

1.  To  excrete  waste  products,  chiefly  nitrogenous  bodies  and  salts  } 

2.  To  excrete  water; 

3.  And  perhaps  also  to  reabsorb  .water  from  the  uriniferous 

tubulesp  after  it  has  washed  out  the  waste  products  from 
the  renal  epithelium.    - 

The  chief  pi&rts  of  the  organs  concerned  in  1,  are  the  epithelial  cells 
of  the  convoluted  tubules ;  the  glomeruli  permit  water  and  some  solids 
to  pass  throu^  them,  while  the  constrictions  of  the  tubules  may  prevent 
the  too  rapid  outflow  of  water,  and  thus  enable  part  of  it  to  be  re- 
absorbed (Brunton).] 

Theories. — ^The  two  chief  older  theories  regarding  the  secretion  of 
urine  are  the  following: — 1.  According  to  Bowman's  view  (1842), 
through  the  glomeruli  are  filtered  only  the  toaier  and  some  of  the  highly 
diflusible  and  soluble  salts  present  in  the  blood,  while  the  specific  urinary 
constitutents  are  secreted  by  the  activity  of  the  epithelium  of  the  Urinary 
tubules,  and  are  extracted  or  removed  from  the  epithelium  by  the 
water  flowing  along  the  tubules.  2.  *C.  Lvdwig  (1844)  assumes  that 
very  dilute  urine  is  secreted  or  filtered  through  the  glomerulus.  As  it 
passes  along  the  urinary  tubules  it  becomes  more  concentrated,  owing 
to  endosmosis.  It  gives  back  some  of  its  water  to  the  blood  and 
lymph  of  the  kidney,  thus  becoming  more  concentrated,  and  assuming 
its  normal  character. 

The  secretion  of  urine  in  the  kidneys  does  not  depend  upon  definite 
physical  forces  only.  A  great  number  of  facts  force  us  to  conclude 
that  the  vital  activity  of  certain  secretory  cells  plays  a  foremost 
part  in  the  process  of  secretion  (R.  Heidenhain). 

The  secretion  of  urine  embraces — (I)  The  water,  and  (2)  the  urinary 
eonstitueirtB  therein  dissolved ;  both  together  form  the  urinary  secre- 
tion. The  amount  of  urine  depends  chiefly  upon  the  amount  of  water 
which  is  secreted  by,  or  rather  filtered  through,  the  glomerulus;  the 
amouni  of  solids  dissolved  in  the  urine  determiues  its  coTiceniraiion, 

A.  The  amoxmt  of  urine,  which  is  secreted  chiefly  within  the 
Malpighian  capsules,  depends  primarily  upon  the  Uoodrpressure  m  the  area 
of  the  rend  artery,  and  follows,  therefore,  the  laws  of  filtration  (§  1 91,  U.) 
(Ludwig  and  Ooll).  [In  this  respect  the  secretion  of  urine  difiers 
markedly  from  that  of  saliva,  gastric  juice,  or  bile.  We  may  state  it 
more  accurately  thus,  that  the  amount  of  urine  depends  very  closely 
upon  the  difference  of  pressure  between  the  blood  in  the  glamemli  and 
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the  prasore  inthin  the  renal  tabuleEk  If  the  ureter  Be  ligatared,  tho 
secretion  of  urine  is  nltimately  arrested^  even  although  the  blood- 
pressure  be  high.  The  secretion  may  also  be  arrested  by  ligature  of  the 
renal  vein;. and  in  some  cases  of  cardiac  or  pnlmonary  disease^  the  venons 
congestion  thereby  produced  may  bring  about  the  same  result] 

The  amount  of  urine  secreted  does  not  depend  upon  the  hydrostatic 
pressure  alone,  but  it  seems  that  the  epithelial  cells  covering  the  glome- 
mlus  also  participate  in  the  pi^ocess  of  secretion.  Besides  the  water^  a 
certain  amount  of  the  salts  present  in  the  urine  is  excreted  through 
the  glomerolL  The  serwnh'-alhwmin  of  the  bloody  however ^  is  prevented  from 
passing  through.  With  regard  to  the  secretory  activity  of  these  cells^ 
the  quantity  of  water  most  also  depend  upon  the  amount  and  rate  at 
which  the  material  to  be  secreted  is  carried  to  the  glomeruli  by  the 
blood-stream,  and  also  upon  the  amount  of  the  urinary  constituents 
and  water  present  in  the  blood  (R.  Heidenhain). 

Only  when  the  vitality  of  the  secretory  cells  is  intact  is  there  independent 
ad^vity  of  these  secretory  cells  (Heidenhain).  When  the  renal  artery  is  closed 
temporarily,  their  activity  is  paralysed,  so  that  the  kidneys  cease  to  secrete,  and 
even  after  the  compression  is  removed  and  the  circulation  re-established,  secretion, 
does  not  take  place  for  some  time  (Overbeck). 

That  the  secretion  depends  in  part  upon,  the  blood-pressure  is  proved 
by  the  following  considerations: — 

1.  Increase  of  the  total  contents  of  the  vascular  system,  so  as  ta 
increase  (he  bloodpressurey  increases  the  amount  of  water  which  filters 
through  the  glomeruli  The  injection  of  water  into  the  blood-vessels 
or  drinking  copious  draughts  of  water  acts  partly  in  this  way.  K  the 
blood-pressure  rises  above  a  certain  height,  albumin  may  pass  into  the 
urine.  The  active  participaiion  of  the  cells  of  the  glomeruli  is  ren- 
dered probable  by  the  &ct  that^  after  very  copious  drinking,  the 
blood-pressure  is  not  always  raised  (Pawlow);  further,  after  profuse 
transfusion,  the  quantity  of  urine  is  not  increased.  Conversely,  the 
excretion  of  water,  owing  to  profuse  sweating  or  diarrhoea,  copious 
hsemorrhage,  or  prolpnged  thirst,  diminishes  the  secretion  of  urine. 

2.  Diminution  of  the  capacity  of  the  vascular  system,  provided  the 
pressure  within  the  renal  area  be  thereby  increased,  acts  in  a  similar 
mannfir.  This  may  be  produced  by  contraction  of  the  cutaneous 
vessels,  owing  to  the  action  of  cold,  stimulation  of  the  vajso-motor 
centre,  or  large  vaso-motor  nerves,  ligature,  or  compression  of  large 
arteries  (§  85,  e),  or  enveloping  the  extremities  in  tight  bandages.  All 
these  conditions  cause  an  increase  in  the  amount  of  urine,  and  of 
course  the  opposite  conditions  bring  about  a  ^iniinution  of  urine,  e,g^ 
the  action  of  heat  on  the  skin  causing  redness  and  dilatation  of  the 
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cutaneous  yessels,  weakening  of  the  vaso-motor  centre,  or  paralysis  of 
a  large  number  of  vaso-motor  nerves. 

3.  Increased  action  of  the  heart,  whereby  the  tension  and  rapidity  of 
the  blood  in  the  arteries  are  increased  (§  85,  c\  augments  the  amount  of 
urine;  conversely,  feeble  action  of  the  heart  (paralysis  of  motor  cardiac 
nerves,  disease  of  the  cardiac  musculature,  certain  valvular  lesions), 
diminishes  the  amount.  Artificial  stimulation  of  the  vagi  in  animals, 
«o  as  to  slow  the  action  of  the  heart,  and  thus  diminish  the  mean 
blood-pressure  from  130  to  100  mm.  Hg.,  causes  a  diminution  in  the 
amount  of  urine  to  the  extent  of  one-fifth  (Goll,  CI.  Bernard);  when 
the  pressure  in  the  aorta  falls  to  40  mm.  the  secretion  of  urine 
<;eases.  [If  the  medulla  oblongata  be  divided  (dog)  there  is  an  imme- 
diate fall  of  the  general  blood-pressure,  and  although,  as  a  general  rule, 
the  secretion  of  urine  is  arrested  when  the  pressure  falls  to  40-50  mm. 
Hg.,  yet  secretion  has  been  observed  to  take  place  with  a  lower  pres- 
sure than  this.] 

4.  The  amount  of  urine  secreted  rises  or  falls  according  to  the  degree 
cf  fvlness  of  the  renal  artery  (Ludwig,  Max  Herrmann);  even  when  this 
Artery  is  moderately  constricted  in  animals,  there  is  a  decided 
diminution  in  the  amount  of  urine. 

It  is  most  important  in  connection  with  certain  renal  diseases  to  note  that, 
ligature  of  the  renal  artery,  even  when  it  is  obliterated  for  only  two  hours,  causes 
necrosis  of  the  epithelium  of  the  uriniferous  tubules.  Lime  afterwards  becomes 
deposited  in  such  epithelium  in  rabbits.  When  the  arterial  ansemia  is  kept  up  for 
A  long  time,  the  whole  renal  tissue  dies  (Litten).  After  long-continued  ligation 
of  the  renal  artery,  the  epithelium  of  the  glomeruli  becomes  greatly  changed 
tRibbert). 

5.  Most  diuretics  act  in  one  or  other  of  the  above-mentioned  ways. 

[Some  diuretics  act  by  increasing  the  general  blood-pressure  (digitalis  and  the 
action  of  cold  on  the  skin),  others  may  increase  the  blood-pressure  locally  within 
the  kidney,  and  this  they  may  do  in  sereral  ways.  The  nitrites  are  said  to  paralyse 
the  muscular  fibres  in  the  vasa  afierentia,  and  thus  raise  the  blood-pressure  within 
the  glomeruli.  But  some  also  act  on  the  secretory  epitheliunif  such  as  urea  and 
caffein.  Brunton  recommends  the  combination  of  diuretics  in  appropriate  cases, 
and  the  diuretics  must  be  chosen  according  to  the  end  in  view— as  we  wish  to  remove 
excess  of  fluids  from  the  tissues  and  serous  cavities,  or  as  we  wish  to  remove  injuri- 
ous waste  products,  or  merely  to  dilute  the  urine.] 

[6.  The  amount  of  urine  also  depends  upon  the  composition  of  the  blood. 
Drinking  a  large  quantity  of  water,  whereby  the  blood  becomes  more 
watery,  increases  the  amount  of  urine,  but  this  is  true  only  within 
certain  limits.  It  is  not  merely  the  increase  of  volume  of  the  blood 
acting  mechanically  which  causes  this  increase,  as  we  know  that  large 
quantities  of  fluid  may  be  transfused  without  the  general  blood-pressure 
being  materially  raised  thereby.] 
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[Heidenhain  argaes  that  it  is  not  so  much  the  pressure  of  the  blood 
in  the  glomeruli  as  its  velocity  which  determines  the  process  of  the 
secretion  of  water  in  the  kidney.  He  contends  that,  while  increase  of 
the  pressure  in  the  renal  artery  causes  an  increased  flow  of  urine> 
ligature  of  the  renal  vein,  whereby  the  pressure  in  the  glomeruli  is  also 
increased,  arrests  the  secretion  altogether.  In  both  cases  the  pressure 
is  increased  within  the  glomeruli,  and  the  two  cases  differ  essentially  in 
the  vdocUy  of  the  blood-current  through  the  glomeruli] 

Pressure  in  the  Vas  Afferens. — ^The  pressure  in  each  ms  efferens 
must  be  relatively  great,  because  (1)  the  double  set  of  capillaries  in 
the  kidney  offers  considerable  resistance,  and  because  (2)  the  lumen 
of  the  vas  efierens  is  narrower  than  that  of  the  vas  a£ferens.  Hence, 
owing  to  the  high  blood-pressure  in  the  capillaries  of  the  renal 
glomeruli,  filtration  must  take  place  from  the  blood  into  the  Malpighian 
capsules.  When  the  vasa  afferentia  are  dilated,  e.g.,  through  the  action 
of  the  nervous  system  on  their  smooth  muscular  fibres,  the  filtration- 
pressure  is  increased,  while,  when  they  are  contracted,  the  secretion  is 
lessened.  When  the  pressure  becomes  so  diminished  as  to  retard 
greatly  the  blood-stream  in  the  renal  vein,  the  secretion  of  urine  begins 
to  be  arrested.  Occlusion  of  the  renal  vein  completely  suppresses  the  secre- 
tion (H.  Meyer,  v.  Frerichs).  Ludwig  concluded  from  this  observation 
that  the  filtration  or  excretion  of  fluid  could  not  take  place  through 
the  renal  capillaries  proper^  as  owing  to  occlusion  of  the  renal  vein  the 
blood-pressure  in  these  capillaries  must  rise,  which  ought  to  lead  to 
increased  filtration.  Such  an  experiment  points  to  the  conclusion  that 
the  filtration  must  take  place  through  the  capillaries  of  the  glomervlL  The 
venous  stasis  distends  the  vas  efferens  which  springs  from  the  centre  of 
the  glomerulus,  and  compresses  the  capillary  loops  against  the  wall  of 
the  Malpighian  capsule,  so  that  filtration  cannot  take  place  through 
them.  It  is  not  yet  decided  whether  any  fluid  is  given  off  through  the 
convoluted  urinary  tubules. 

As  the  blood-pressure  in  the  renal  artery  is  about  120-140  mm. 
Hg.,  and  the  urine  in  the  ureter  is  moved  along  by  a  very  slight  pro- 
pelling force,  so  that  a  counter-pressure  of  from  10  (Lobell)  to  40  mm. 
of  Hg.  is  sufficient  to  arrest  its  flow,  it  is  clear  that  the  blood-pressure 
can  also  act  as  a  m  a  tergo  to  propel  the  mine  stream  through  the 
ureter.  The  pressure  in  the  ureter  is  measured  by  dividing  the  ureter 
transversely  and  placing  a  manometer  in  it. 

B.  Secretory  Actiyity  of  the  Benal  Epithelium. — The  degree  of 
tcncerdraiion  of  the  urine  depends  upon  the  quantity  of  the  dissolved 
constituents  which  has  passed  firom  the  blood  into  the  water  of  the 
urine.  The  secretory  cells  of  the  convoluted  tubules  by  their  own 
proper  vital  activity,  seem  to  be  able  to  take  up,  or  secrete,  some,  at 
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least,  of  these  sabstanoes  from  the  blood  (Bowman,  Heidenhain).  The 
wateiy  part  of  the  uTine,  contaimng  only  easily  difinsible  salts,  as  it 
flows  along  the  tnbules  from  the  glomeruli,  extracts  or  washes  out 
these  sabstanoes  from  the '  secretory  epithelium  of  the  convoluted 
tubule&  The  following  considerations  attest  the  independent  activity 
of  the  ceUs : — 

1.  Snlphindigotate  of  soda  and  sodium  urate,  when  injected  into  the 
blood,  pass  into  the  urine,  and  are  found  within  the  protoplasm  of  the 
ceUs  of  the  convoluted  tubules  [only  in  those  parts  lined  by  "  rodded  "  or 
''  fibrillated  "  epithelium],  but  not  in  the  Afalpighian  capsules  (Heiden- 
hain). A  little  later,  these  substances  are  found  in  the  lumen  of  the 
urinary  tubules,  from  which  they  are  washed  out  by  the  watery  part  of 
the  urine  coming  from  the  glomeruli.  If,  however,  two  days  before  the 
injection  of  these  substances  into  the  blood,  the  cortical  part  of  the  kidney 
containing  the  Malpighian  capsules  be  cauterised  [«.^.,by  nitrate  of  silver] 
(Heidenhain),  or  simply  be  removed  with  a  knife  (Hoegyes),  the  blue 
pigment  remains  within  the  convoluted  tubules.  It  cannot  be  carried 
forward,  as  the  water,  which  should  cany  it  along,  has  ceased  to  be 
secreted,  owing  to  the  destruction  of  the  glomeruli.  This  experiment 
also  goes  tp  show  that,  through  the  glomeruli^  the  waiery  part  of  the 
urine  is  diiefly  excreted;  while,  through  the  convoluted  tubules,  the  spedfic 
urinary  comtUuerds  are  excreted.  Uric  add  salts,  injected  into  the  blood, 
were  observed  by  Heidenhain  to  be  excreted  by  the. convoluted  tubules. 
Von  Wittich  had  previously  observed  that  in  birds,  crystals  of  uric  acid 
were  excreted  by  the  epithelium  of  the  convoluted  tubules.  [The  pre- 
sence of  crystals  of  uric  acid  in  the  renal  epithelium  was  observed  by 
Bowman,  and  used  as  an  argument  to  support  his  theory.]  Nussbaum 
(1878)  has  proved  that  urea  is  secreted  by  the  urinary  tubules  and  not 
by  the  glomeruli 

The  same  is  true  for  the  bile-pigments  (Mobius,  1877),  for  the  ircn 
salts  of  the  vegetable  acids  when  injected  subcutaneously  (Glaevecke), 
and  for  haemoglobin  (Landois).  After  the  injection  of  mUk  into  the 
blood-vessels,  numerous  fatty  granules  occur  within  the  epithelium  of 
the  urinary  tubules  (§102). 

[Nussbamn's  Experiments. — ^In  the  frog  and  newt,  the  kidney  is 
-supplied  with  blood  in  a  different  manner  from  that  obtaining  in 
mammals.  The  glomeruli  are  supplied  by  branches  of  the  renal  artery. 
The  tubules  are  supplied  by  the  renal  portal  vein.  The  vein  coming 
from  the  posterior  extremities  divides  at  the  upper  end  of  the  thigh 
into  two  branches,  one  of  which  enters  the  kidney,  and  breaks  up  to 
form  a  capillary  plexus  which  surrounds  the  uriniferous  tubules,  but 
this  plexus  is  ako  joined  by  the  efferent  vessels  of  the  glomeruli 
These  two  systems  are  partly  independent  of  each  other.    By  ligatonng 
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the  renal  artery,  Nussbanm  found  that  the  circniation  to  the  glomerali 
was  cut  off,  while  ligature  of  the  renal  portal  vein  excluded  the  functional 
actiTity  of  the  tubules.  By  injecting  a  substance  into  the  blood  after 
ligatozing  either  the  artery  or  renal  portal  vein,  and  observing  whether 
it  occurs  in  the  urine,  he  infers  that  it  is  given  off  either  by  the 
glomeruli  or  the  tubules.  Sugar  and  pe^Umes  rapidly  pass  through  an 
intact  kidney,  but  if  the  renal  artery  be  tied  they  are  not  excreted. 
Urea  when  injected  into  the  circulation  is  excreted  after  the  artery  is 
tied,  so  that  it  is  excreted  through  the  tubules,  but  at  the  same  time  it 
takes  with  it  a  considerable  quantity  of  water.  Thus  water  is  excreted 
in  two  ways  from  the  kidney,  by  the  glomeruli  and  also  from  the 
venous  plexus  around  the  tubules  along  with  the  urea.  Indigo-carmine 
merely  passes  into  the  tubular  epithelium  of  the  convoluted,  tubules, 
but  it  does  not  cause  a  secretion  of  urine.  Albumin  passes  through  the 
glomeruli,  but  only  after  their  membranes  have  been  altered  in  some 
way,  as  by  clamping  the  renal  artery  for  a  time.] 

Excretion  of  Pigments. — Other,  obeervers,  however,  have  found  that  colouring 
matter  may  be  excreted  through  the  glomemlii  especially  if  much  sulphindigotate  of 
soda  be  injected,  and  the  experiment  lasts  for  a  long  time.  Arnold  and  Pautynski 
observed  tiiat  the  epithelium  of  the  Malpighian  capsule  became  blue.  Henschen, 
who  has  observed  a  similar  result,  attributes  the  presence  of  the  blue  colour  in  a 
solid  form  in  the  oonyoluted  tubules,  to  a  reabsorption  of  water  from  the  tubules 
into  the  blood,  since  the  water  secreted  in  the  glomeruli  contains  such  a  quantity  of 
urinary  salts  as  to  precipitate  the  colouring  matter.  [Klein  found  that  when 
carmine  is  iigected  into  the  blood,  it  is  excreted  not  through  the  substance  of 
the  epithelial  cells,  but  through  the  cement  substance  between  the  cells.]  Accord- 
ing to  Ludwig,  the  concentration  of  the  urine  occurs  normally  in  the  convoluted 
tubules,  and  hence  most  of  the  pigment  occurs  in  them.  Shoidd  an  abnormal  and 
partial  absorption  of  water  take  place  in  the  capsules,  granular  pigment  may  also 
be  deposited  in  them.  It  is  jfound  in  them  when  the  pressure  within  the  vaa 
affertna  is  greatly  diminished.  In  o^mtfiuria,  the  abnormal  excretion  of  albumin 
takes  place  first  of  all  in  the  urinary  tubules,  and  later,  in  the  capsules  (Senator). 
According  to  Nussbaum,  egg-albumin  is  excreted  through  the  capsules,  and 
sometimes  hemoglobin  has  been  found  in  them  also  (Grtltzner,  Adams). 

2.  Even  when  tha  secretion  of  the  toakry  part  of  the  urine  is  com- 
pletely arrestedy  either  by  ligature  of  the  ureter^  or  after  a  very  great 
fall  of  the  blood-pressure  in  the  renal  artery  [as  after  section  of  the 
cervical  spinal  cord],  the  before-mentioned  substances,  when  injected 
into  the  blood,  are  found  in  the  cells  of  the  convoluted  tubules.  The 
injection  of  urea  under  these  circumstances  causes  renewed  secretion. 
These  facts  show  that,  independently  of  the  filtration-pressure,  the 
secretary  activity  of  these  cells  is  still  maintained  (Heidenhain,  Neisser, 
Ustimowitsch,  Griitzner). 

The  independent  viud  activity  of  the  secretory  cells  of  the  urinary  tubules, 
which  as  yet  we  ard  unable  to  explain  on  purely  physical  grounds,  renders  it 
pcobabls  that  the  tabules  ace  not  to  be  oompsred  to  an  appuatos  provided  with 
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physical  membranes.  This  is  proved  by  the  following  experimeiit: — ^Abeled 
caused  arterial  blood  to  drciilate  through  freshly  excised  living  kidneys.  -A  pale 
urine-like  fluid  dropped  from  the  ureter.  On  adding  some  urea  or  sugar  to  the 
blood,  the  secretion  became  more  concentrated.  Thus  the  excised  living  kidney 
also  excretes  substances  in  a  more  concentrated  f  onn  than  when  supplied  to  it  in  the 
diluted  blood  streaming  through  it. 

Salts  and  Ghues.— The  vital  activity  explains  why  the  serum-albumin  of  the 
blood  does  not  pass  into  the  urine,  while  egg-albumin  and  dissolved  haemoglobin 
readily  do  so.  Among  the  sdUs,  which  occur  in  the  blood  and  blood-corpuscles, 
of  course  only  those  in  solution  can  pass  into  the  urine.  Thoee  which  are  united 
with  proteid  bodies,  or  are  fixed  in  the  cellular  elements,  cannot  pass  out,  or  at 
least  only  after  they  have  been  split  up.  Thus  we  may  explain  the  difference 
between  the  salts  of  the  urine  and  those  of  the  blood.  Similarly,  the  urine  can 
only  contun  the  absorbed  and  not  the  chemically-united  gases, 

Ligatore  of  the  Ureter. — If  the  secretion  be  arrested  by  compression  or  by 
ligature  of  the  ureter,  the  lymph-spaces  of  the  kidney  become  filled  with  fluid, 
which  may  pass  into  the  blood,  so  that  the  organ  beoomes  cedematous,  owing  to 
the  passage  of  fluid  into  its  lymph-spaces.  The  secretion  undergoes  a  change,  aff 
first  water  passes  back  into  the  blood,  then  the  sodio  chloride,  sulphuric,  and 
phosphoric  acids  diminish,  and  lastly  the  urea  (G.  Ludwig,  Max  Herrmann). 
Kreatinin  is  still  present  in  considerable  amount.  There  is  no  longer  secretion  of 
proper  urine  (L5bell). 

Non-Symmetrical  Benal  Activity. — It  is  remarkable  that  both  kidneys  do 
not  secrete  symmetrically — there  is  an  sitemate  condition  of  hypenemia  and 
secretory  activity  on  opposite  sides  (§  100).  One  kidney  secretes  a  more  watery 
urine,  which  at  the  same  time  contains  more  NaCl  and  urea  (Ludwig,  M.  Herrmann). 
Von  Wittxch  observed  that  Ijbe  excretion  of  uric  acid  was  not  uniform  in  all  the 
urinary  tubules  of  the  same  bird.  Extirpation  of  onfi  kidney,  or  disease  of  one 
kidney  in  man,  does  not  seem  to  diminish  the  secretion  (Rosenstein).  The  remain- 
ing kidney  becomes  more  active  and  laiger. 

SeabsorptiOIl  in  the  Kidney. — In  discussing  the  secretion  of  the  kidney,  we 
must  attach  considerable  importance  to  the  variations  in  the  calibre  of  the  renal 
tubules  in  their  course.  Perhaps  in  the  narrowing  of  the  descending  part  of  the 
looped  tubule  of  Henle  there  may  be  either  a  reabsorption  of  water,  so  that  the 
urine  becomes  more  concentrated,  or  there  may  be  absorption  even  of  albumin, 
which  may  perhaps  pass  through  the  glomeruli  in  small  amount. 

[Beabsorption  in  the  Sidney. — That  reabsorption  of  fluid  takes 
place  within  the  kidney  was  part  of  Ludwigfs  theory,  which  is  prac- 
tically a  process  of  filtration  and  reabsorption.  Hiifher  pointed  out 
that  the  structure  of  the  kidneys  of  various  classes  of  vertebrates 
corresponded  closely  with  the  requirements  for  reabsorption  of  water. 
The  experiments  of  Ribbert  show  that  the  urine  actually  secreted  in 
the  cortex  of  the  kidney  is  more  watery  than  that  secreted  normally  by 
the  entire  organ.  He  extirpated  the  medullary  portion  in  rabbits, 
leaving  the  cortical  part  intact,  and  in  this  way  collected  the  dilute 
urine  from  the  Malpighian  corpuscles  before  it  passed  through  Henle's 
loops.] 

274.  The  Preparation  of  the  Urine. 

The  question  has  often  been  discussed,  whether  aH  the  urinary  con* 
.  stituents  are  merely  excreted  through  the  kidneys,  ie.,  that  they  exist 
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pre-f ormed  in  the  blood ;  or  whether  some  of  them  do  noi  exist  pre-^ 
formed  in  the  blood,  but  are  formed  within  the  kidneys,  as  a 
result  of  the  activity  of  the  renal  epithelium.  The  following  con- 
siderations give  at  least  an  indication  regarding  the  solution  of 
such  a  problem : — 

1.  The  blood  contams  one  part  of  urea  in  3000-5000  parts  (Ft,  Simon,  1841),  but 
the  renal  vein  contains  less  urea  than  the  blood  of  the  corresponding  artery  (Picard» 
1856,  Gr§hant).    This  fact  is  in  favour  of  the  excretion  of  urea  from  the  blood. 

2.  After  extirpation  of  the  kidneys,  or  nephrotomy  (Provost  and  Dumas),  or 
after  ligature  of  the  renal  vessels,  the  amount  of  urea  accumulates  in  the  blood 
(Meissner,  v.  Voit),  and  increases  with  the  duration  of  the  experiment  to  -g^  to  ^f^ 
(Gr^hant).  At  the  same  time,  there  is  vomiting  and  diarrhoea,  and  the  fluids  bo 
voided  contain  urea  (Gl.  Bernard,  Bareswill).  Animals  die  in  from  one  to  three^ 
days  after  the  operation. 

3.  After  ligature  of  the  ureters,  the  secretion  of  urine  is  soon  arrested.  Urea 
accumulates  in  the  blood,  but  not  to  a  greater  extent  than  after  nephrotomy.  It 
is  possible,  however,  that  the  kidneys,  lik^  other  organs,  may  form  a  small  amount 
of  urea,  due  to  the  metabolism  of  their  own  tissues. 

4.  Birds*  blood  normally  contains  uric  acid  (Meissner).  Ligature  of  their  ureters 
or  blood-vessels  (Pawlinofif))  oi*  the  gradual  destruction  of  their  secretory  paren- 
chyma by  the  subcutaneous  injection  of  neutral  potassium  chromate  (Elbstein), 
is  fallowed  by  the  deposition  of  uric  acid  in  the  joints  and  tissues,  and  it  may  even 
form  a  white  incrustation  on  the  serous  membranes.  The  brain  remains  free. 
(Galvani,  1767,  Zalesky,  Oppler).  Acid  urates  of  ammonia,  soda,  and  magnesia 
are  also  similarly  deposited  (Golasanti).  Extirpation  of  a  snake's  kidneys  gives 
the  same  result,  but  to  a  less  degree. 

• 

These  experiments  go  to  show  that  at  least  some  of  the  urea — 
perhaps  the  most  part — ^and  some  other  substances  are  excreted  by  tho 
kidneys^  and  that  they  are  not  formed  in  these  organs.  These  sub- 
stances seem  to  be  formed  in  the  tissues,  the  urea  being  derived  from 
the  decomposition  of  albumin,  perhaps  chiefly  in  the  liver  and  in  the 
lymph-glands.  Yon  Schroeder  and  Golasanti,  as  the  result  of  their 
experiments  upon  snakes,  come  to  the  conclusion  that  there  is  no 
special  organ  concerned  in  the  formation  of  uric  acid.  Urobilin  is 
derived  from  hsemoglobin  (§261).  • 

Physiological  and  Chemical  Processes.— We  know  very  little  of  the  physio- 
logical chemical  processes  which  take  place  in  the  kidneys.  Hlpporlc  acid  is 
formed  in  the  kidney,  for  the  blood  of  herbivora  does  not  contain  a  trace  of  it 
(Ideissner  and  Shepard).  In  rabbits,  perhaps  it  is  formed  synthetically,  in  other 
tissues  as  well  as  in  the  kidney.  If  blood  containing  sodic  benzoate  and  glycin  be^ 
passed  through  the  blood-vessels  of  a  fresh  kidney,  hippnric  acid  is  formed  (§  260) 
(Bunge,  Schmiedeberg,  Kochs).  If  phenol  and  pyrokatechin  are  digested  along  with 
fresh  rentd  tuhvtance,  a  compcmnd  of  mlphuric  add  similar  to  that  occurring  in 
urine  (§  262)  is  formed.  The  latter  substance,  however,  is  also  formed  by  similarly 
digesting  liver,  pancreas,  and  muscle.  It  is  concluded  from  these  experimenta 
that  these  substances  are  formed  in  the  body  within  the  kidneys,  and  the  other 
organs  mentioned  (Eochs). 

Chemistry  of  fhe  Xidney.— The  kidneys  contain  a  very  large  amount  of  wcUer^ 
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BdflideB  senim-albamin,  globnlin,  albumixi  soluble  m  sodimii  oaarbonaie  (Gottwslt), 
gelatm-yielding  snbBtances,  fat  in  the  epitheliam,  elastic  sabetance  derived  from 
the  membrana  propria  of  the  tubules,  the  kidneys  contain  leuoin,  -ro^nli^*!",  hypo* 
TMithin,  kreatin,  tanzin,  inosit,  cystin  (the  last  in  no  other  tissue),  but  only  in  very 
email  amount. 

The  occurrence  of  these  substances  points  to  a  lively  metabolism  in  tiie  kidneyiy 
which  ifi  also  proved  by  the  liberal  supply  of  blood  they  receive. 

Blood- Vessels. — ^The  kidneys  receive  a  very  large  supply  of  blood, 
and  during  secretion,  the  blood  of  the  renal  vein  is  bright  red  (CL 
Bernard).  [In  the  dog,  the  diameter  of  the  renal  artery  may  be 
diminished  to  *5  mm.  without  the  amount  of  blood  flowing  through 
the  kidney  being  thereby  greatly  interfered'  with.  Hence,  within  wide 
limits,  the  amount  of  blood  is  independent  of  tjie  size  of  the  arterial 
lumen,  and  is  therefore  dependent  on  the  blood-pressure  in  the  aorta, 
and  the  resistance  to  the  blood-current  within  and  beyond  the  kidney  ' 
(Heidenhain).] 

The  retzclion  of  the  kidney  is  addt  even  in  those  animals  whose  urine  is  alkaline. 
Perhaps  this  &ct  is  connected  with  the  retention  of  the  albumin  in  the  vessels 
<HeynBius). 

• 

275.  Passage  of  Various  Substances  into  the  Urine. 

1.  The  following  substances  pass  uncJumged  into  the  urine: — Sulphate, 
borate,  silicate,  nitrate,  and  carbonate  of  the  alkalies;  alkaline  chlorides, 
bromides,  iodides;  potassium  sulpho-cyanide,  and  f errocyanide ;  bile  salts,  urea, 
kreatinin ;  cumaric,  oxalic,  camphoric,  pyrogallic  and  carbolic  acids.  Many 
<dkaloid8,  e,g,f  morphia,  strychnia,  curara,  quinine,  caffein;  ptgrneiUSf  snlphin- 
digotate  pi  soda,  carmine,  madder,  logwood,  colouring  matter  of  ennbOTries, 
cherries,  rhubarb;  santonin;  lastly,  salts  of  gold,  silver,  mercury^  antimony, 
4unenlc,  bismuth,  iron  (but  not  lead),  although  the  greatest  part  of  these  is 
excreted  by  the  bile  and  the  fzeces. 

2.  Inorganic  adds  reappear  in  man  and  camivora  as  neutral  salts  of  ammonia 
(Sdhmiedeberg  and  Walter,  Hallervorden);  in  herbivora^  as  neutral  salts  of  the 
elkalieB  (K  Salkowski). 

3.  Certain  substances  which,  when  injected  in  small  amount,  seem  to  be  decom- 
posed in  the  blood,  pass  in  part  into  the  urine,  when  they  occur  in  such  large 
amount  in  the  blood  that  *they  cannot  be  completely  decomposed— sugar,  hsomo- 
globiuj  egg-albumin,  alkaline  salts  of  the  vegetable  acids,  alcohol,  chloroform. 

4.  Many  substances  appear  in  an  oxidiaed/orm  in  the  urine — ^moderate  quantities 
of  vegetable  alkaline  sslts  as  alkaline  carbonates  (Wohler),  uric  acid  in  part  as 
allantoin  (Salkowski),  sulphides  and  sulphites  of  soda,  in  part  as  sodium  sulphate, 
potassium  sulphide  as  potassium  sulphate. 

5.  Those  bodies  which  are  completely  decomposed,  as  glycerin,  camphor,  lesinfl, 
give  rise  to  no  special  derivatives  in  the  urine. 

6.  Many  substances  combine  and  appear  as  conjugated  compounds  in  the  urine, 
€,g.,  the  origin  of  hippuric  acid  by  conjugation  (§260),  the  conjugation  of 
sulphuric  acid  (§  262),  and  the  formation  of  urea  by  synthesia  from  carbamic 
acid  and  ammonia  (Drechsel)  (§  256), 

7.  Tannic  acid,  G14H10O9  takes  up  Hj|0,  and  is  decomposed  into  two  moleciiles 
of  gallic  acid = 2  (CrHeOc). 
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S.  The  iodates  of  potash  and  soda  are  reduced  to  iodides ;  malio  acid  {OiEfiii^ 
partly  to  saccinic  add  (G4H6O4);  indigo-blue  (CieHioNsOs)  takes  up  hydrc^gen 
and  becomes  indigo- white  (GiAHi2NtOi). 

9.  Some  substances  do  not  pass  into  the  urine  at  all,  e.sr.,  oils,  insoluble  metallic 
salts  and  metals. 


276.  Influence  of  Nerves  on  the  Renal  Secretion. 

At  the  present  time  we  are  acquainted  merely  with  the  influence  of 
the  vaso-moiar  nerves  on  the  filtration  of  the  urine  through  the  renal 
vessels.  Ea/Jt  kidney  seems  to  be  supplied  with  vaso-motor  nerves, 
which  spring  from  hSth  halves  of  the  spinal  cord  (Nicolaides).  As  a 
general  rule,  dilatation  of  the  branches  of  the  renal  artery,  chiefly 
the  vasa  aflerentia,  must  raise  the  pressure  within  the  glomeruli,  and 
thus  increase  the  amount  of  water  filtered  through  them.  The  more 
the  dilatation  is  confined  to  the  area  of  the  renal  artery  alone,  the 
greater  is  the  amount  of  the  urine.  [As  yet  we  only  know  that,  the 
nervous  system  influences  the  secretion  of  urine  only  in  so  far  as  it 
modifies  the  pressure  and  velocity  of  the  blood-current  in  the  kidney. 
We  have  no  satisfactory  evidence  of  the  existence  of  direct  secretoiy 
nerves  in  the  kidney.] 

1.  Benal  FlezuB  and  its  Centre. — Section  of  the  nerves  of  the  renal 
plexus — ^the  nerves  around  the  renal  artery — generally  causes  an  in- 
crease in  the  secretion  of  urine  \hy&nma  or  polyw%d\ ;  sometimes  on 
account  of  the  great  rise  of  the  pressure  within  the  glomeruli,  albumin 
passes  into  the  urine  (and  there  may  be  rupture  of  the  vessels  of  the 
glomeruU),  leading  to  the  passage  of  blood  into  the  urine  (Erimer, 
J.  Miiller).  The  nerw-centre  for  these  renal  nerves  lies  in  the  floor  of 
the  fourth  ventricle,  in  front  of  the  origin  of  the  vagus.  Injury  to 
this  part  of  the  floor  of  the  fourth  ventricle,  e.^.,  by  puncture 
(piqtlre),  may  increase  the  amount  of  urine  {diabetes  insipidtLs),  which 
is  sometimes  accompanied  by  the  simultaneous  appearance  of  albumin 
and  blood  in  the  urine  (CL  Bernard).  Section  of  the  parts  which 
lie  directly  in  the  course  of  these  fibres,  as  they  pass  from  the  centre 
in  the  medulla  to  the  kidney,  produces  the  same  e£fects.  Close  to 
this  centre  in  the  medulla,  there  lies  the  centre  for  the  vaso-motor 
nerves  of  the  liver,  whose  injury  causes  diabetes  mellitus  (grape-sugar 
in  the  urine,  §  175).  Eckhard  found  that,  stimulation  of  the  vermiform 
process  of  the  cerebellum  produced  hydruria.  In  man,  stimulation  of 
these  parts  by  tumours  or  inflammation,  etc.,  produces  similar  results. 

2.  Paralysis  of  Limited  Vascular  Areas. — If,  simultaneously  with  the 
paralysis  of  the  nerves  of  the  renal  artery,  the  nerves  of  a  neighbouring 

large  vascular  area  be  paralysed,  necessarily  the  blood-pressure  in  the 
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renal  arteiy  area  wiU  not  be  so  high,  as  more  blood  flows  into  the  other 
paralysed  provinca  Under  these  circumstances,  there  may  be  only  a 
temporary  or,  indeed,  no  increase  of  urine,  provided  the  paralysed  area 
be  sufficiently  large.  There  is  a  moderate  increase  of  urine  for  several 
hours  after  section  of  the  splanchnic  nerve.  This  nerve  contains  the 
renal  vaso-motor  nerves  (which,  in  part  at  least,  leave  the  spinal  cord  at 
the  first  dorsal  nerve  and  pass  into  the  Efympathetic  nerve),  but  it  also 
contains  the  vaso-motor  nerves  for  the  large  area  of  the  intestinal  and 
abdominal  viscera.  Stimulation  of  this  nerve  has  the* opposite  efifect 
(GL  Bernard,  Eckhard).  [The  polyuria  thus  produced  is  not  so  great 
as  after  section  of  the  renal  nerves,  because  the  splanchnic  supplies 
8uch  a  large  vascular  area,  that  much  blood  accumulates  in  that  area, 
and  also  because  all  the  renal  nerves  do  not  run  in  the  splanchnics.] 

3.  FaralysiB  of  Large  Areas. — ^If,  simultaneously  with  paralysis  of 
the  renal  nerves,  the  great  majority  of  the  vaso-motor  nerves  of  the 
body  be  paralysed,  [as  by  section  of  the  medulla  oblongata,  p.  575], 
then,  owing  to  the  great  dilatation  of  all  these  vessels,  the  blood- 
pressure  falls  at  once  throughout  the  entire  arterial  system.  The 
result  of  this  may  be,  provided  the  pressure  is  sufficiently  low,  that 
there  is  a  great  decrease,  or,  it  may  be,  entire  cessation  of  the  secre- 
tion  of  urine.  The  secretion  is  arrested  when  the  cervical  cord  is 
completely  divided,  down  even  as  far  as  the  seventh  cervical  vertebra 
(Eckhard).  The  polyuria  caused  by  injury  to  the  floor  of  the  fourth 
ventricle,  at  once  disappears,  when  the  spinal  cord  (even  down  to  the 
twelfth  dorsal  nerve)  is  divided. 

[As  ahready  stated,  section  of  the  renal  nerves  is  followed  by  poly- 
uria, owing  to  the  increased  pressure  in  the  glomeruli,  but  this  polyurisr 
may  be  increased  by  stimulating  the  spinal  cord  below  the  medulla 
oblongata,  because  the  contraction  of  the  blood-vessels  throughout  the 
body  still  further  raises  the  blood-pressure  within  the  glomeruli  If, 
however,  the  spinal  cord  be  divided  below  the  medulla  oblongata — the 
renal  nerves  being  also  divided — ^the  polyuria  ceases,  because  of  the 
tall  of  the  general  blood-pressure  thereby  produced.  Merely  dividing 
the  spinal  cord  in  the  dorsal  region  also  diminishes  or  arrests  the 
secretion  of  urine,  owing  to  the  fall  of  the  blood-pressure,  but  animals 
recover  from  this  operation,  the  general  blood-pressure  rises,  and  with 
it  the  secretion  of  urina  Stimulation  of  the  cord  below  the  medulla 
arrests  the  secretion,  as  it  causes  contraction  of  the  renal  arteries  along 
with  the  other  arteries  of  the  body.] 

[Volume  of  the  Kidney — Oncometer. — ^By  means  of  the  plethys- 
mograph  (§  101)  we  can  measure  the  variations  in  the  size  of  a 
limb,  while  by  the  oncograph  (oyicoci  volume)  similar  variations  in 
the  volume  of  the  spleen  (§  103)  are  measured.    Boy  and  Cohnhein:^ 
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hxve  meatmred  the  variatioDs  in  the  volume  of  the  kidney  by  means 
of  an  instmrnent  which  consists  of  two  parts,  one  tenaed  the  tmco- 
tneter  or  renal  pleihysnwmekr,  in  which  the  oi^an  is  enclosed,  while 
the  other  part  is  the  T^jistering  portion  or  oncograph.  The  kidney 
is  enclosed  in  a  metalUc  cspsnle  shaped  like  the  kidney  (Fig.  318), 
kod  it  is  composed  of  two  halves  which  move  on  a  hinge,  A, 
to  introduce  the  oi^an.  The  renal  vessek  pass  oat  at  a,  e.  The 
kidney  is  enrronnded  with  a  thin  membrane,  and  between  this 
membrane  and  the  inner  surface  of  the  capsule  is  a  space  filled 
with  warm  ml  through  the  tube,  I,  which  is  closed  by  means  of  a 
stop-cock  afler  the  space  is  filled  with  oil  The  tube,  T,  can  bo 
made  to  communicate  with  another  tube,  T,,  leading  into  a  metallic 
chamber,  C,  of  the  ontograpk  (Fig.  219),  which  is  provided  with  a 
movable  piston,  p,  attached  by  a  thread  to  the  writing-lever,  /.  Any 
increase  in  the  size  of  the  organ  expels  oil  from  the  chamber,  0,  into 
C^,  and  thus  the  piston  ts  raised,  while  a  diminution  in  the  size  of  die 
kidney  diminishes  the  fluid  in  C^  and  the  lever  falls.     The  actual 


Elg.218. 


E,  kidnejr;  the  thick  line 
ta  tlie metallic capiale;  h,  hinge;  I, 
tube  for  filling  apparatoa;  T,  tobe 
to  connect  with  T^ ;  a,  r,  u,  arterf , 
Tdn,  nreter  (Starling,  after  Roy). 


Fig.  SI9. 


Oncograph — C,  chamber  filled  with  oil, 
conunimicatiiig  b;  Tj  with  T;  p, 
piiton;  I,  writing-lever  (Stdrllngr 
alter  B49). 


volume  of  the  living  kidney  depends  upon  the  state  of  distension  of  its 
structural  elements,  upon  the  amount  of  lymph  in  its  lymph-spaces,  but 
chiefly  upon  the  amount  of  blood  in  its  blood-vessels,  and  this  again 
must  depend  upon  the  condition  of  the  non-striped  muscles  in  the  renal 
arteries.  When  the  vessels  dilate,  the  kidney  will  increase  in  size,  and 
when  they  contract  it  contracts,  so  that  we  can  register,  on  the  same 
revolving  cylinder,  the  variations  of  the  volume  at  the  same  time  that 
we  record  the  general  arterial  blood-presaure.] 


682  ExPERmsNTa  with  the  oKComrrEB. 

[Li  the  normal  drenUtioii  through  the  Mdney,  the  kidney-cnrve,  ue., 
the  curve  of  the  Tolome  of  the  kidney  nuu  quite  psrallel  with  the 
blood-pressure  curve,  and  shows  exactly  the  large  respiratory  undula- 
tions, as  well  as  the  amaller  elevations  due  to  the  systole  of  the  heart 
(Fig.  220).  TTsu&lly,  when  the  blood-presaare  falls,  the  kidoey-cnrve 
sinks,  and  vhen  the  hlood-pressnre  rises,  the  volume  of  the  kidney 
increases.  When  the  blood-pressure  curve  is  complicated  by  Tranbfr- 
Hering  waves  (p.  171)  the  o^osiie  effect  is  produced  on  the  kidney- 
curve  ;  the  highest  blood-pressure  corresponds  to  the  snkaUest  size  of 
the  kidney,  and  conversely.  This  is  due  to  the  fact  that,  when  these 
curves  occur,  all  the  small  arteriolee,  including  those  in  the  kidney,  are 
contracted.  A  kidney  placed  in  an  oncometer  secretes  urine  like  a 
kidney  under  oatoral  conditions.] 


BP,  Blood-praMuracDrrs;  E,  mure  of  the  Tolnnie  of  tbs  kidney:  T,  time  carve  j 
intervak  indicate  %  qnuter  of  &  minute ;  A,  obecisu  (Stirlii^,  after  Roy). 

[Amtt  of  ike  nsptToHon  in  a  curarised  animal  produces  a  rapid  and 
great  diminution  of  the  volume  of  the  kidney,  cansed  by  the  venous 
blood  stimulating  the  vaso-motor  centres,  and  thus  contracting  the 
small  arteriolee,  including  those  of  the  kidney.  This  result  occurs 
whether  one  or  both  splanchnics  are  divided,  proving  that  all  the 
vaso-motor  nerves  of  the  kidney  do  not  reach  it  through  the  splanchnics. 
When  aH  the  renal  nerves  at  the  hilum  are  divided,  arrest  of  the 
reqtiration  causes  dilatation  of  the  organ,  which  condition  runs  parallel 
with  the  rise  of  the  blood-pteesnre.  Stimulation  of  a  sensory  nerve, 
e.g.,  the  central  end  of  the  sciatic  nerve,  while  causing  an  increase  of 
the  blood^resBure,  makes  the  kidney  shrink.] 

[In  poisoning  with  ttrychtim;  the  kidney  shrinks  while  the  blood- 
pressw«  rises.  Stimulation  of  the  central  or  peripheral  end  of  the 
splanchnics,  divided  at  the  diaphragm,  causes  contraction  of  the  renal 
vessels  of  both  sides;  the  former  is  a  reflex,  the  latter  a  direct  effect 
Stimulation  of  the  peripheral  end  of  om  splanchnic  sometimes  affects 
both  kidneys'  Stimulation  of  the  peripheral  end  of  the  renal  nerves 
always  causes  a   diminution  in  the  volume  of  the  kidney,  eo  that 
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Gohnheim  and  Soy  were  forced  to  conclude  that,  although  there  was 
evidence  of  the  existence  of  vaso-motor  and  sensory  nerves  to  the 
kidney,  they  found  none  of  vaso-dilator  nerves.  By  the  same  method, 
Gohnheim  and  Soy  confirmed  absolutely  the  independent  action  of 
the  two  kidneys.  The  sudden  compression  of  one  renal  artery  had 
not  the  slightest  effect  upon  the  blood-current  of  the  other  kidney. 
If  a  kidney  be  exposed  in  an  animal,  by  making  an  incision  in  the 
lumbar  r^on,  on  stimulating  the  medulla  oblongata  directly  with 
electricity,  we  may  observe  the  kidney  itself  becoming  paler,  the 
palor  appearing  in  a  great  many  small  spots  on  the  surface  of  the 
organ  corresponding  to  the  distribution  of  the  interlobular  arteries.] 

[The  researches  of  Gohnheim  have  shown  that,  the  composUion  of  the 
hlood  has  a  remarkable  effect  on  the  renal  circulation.  Some  substances 
(water  and  urea),  when  injected  into  the  blood,  cause  the  kidney  first 
to  shrink  and  then  to  expand,  while  sodic  acetate  dilates  the  kidney, 
even  after  aU  the  renal  nerves  are  divided — an  operation  which  is  very 
difficult  indeed.  Provided  all  the  renal  nerves  be  divided,  these  effects 
would  indicate  the  existence  of  some  local  intra-renal  vaso-motor 
mechanism  governing  the  renal  blood-vessels.  The  general  blood- 
pressure  is  not  thereby  modified;  nor  need  we  wonder  at  this,  as 
ligature  of  one  renal  artery  does  not  increase  the  pressure  in  the 
aorta.] 

Mosso  also  showed  that  the  blood-stream  through  an  excised  organ 
was  materially  influenced  by  the  substances  mixed  with  the  blood 
perfused.  This  effect  may  in  part  be  due  to  the  action  of  these 
chemical  ingredients  upon  the  nuclei  of  the  endothelial  lining  of  the 
blood-vessels,  especially  the  capillaries. 

[The  reciprocal  relation  between  the  skin  and  the  kidneys  is  known  to 
every  on&  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction 
of  the  cutaneous  vessels,  the  amount  of  urine  secreted  is  greats  and 
conversely,  in  summer  less  urine  is  passed  than  in  winter.  Washing 
the  skin  of  a  dog  for  two  minutes  with  ice-cold  water  causes  a  great 
contraction  of  the  kidney.] 

[Strychnin  seema  to  be  able  to  cause  contraction  of  the  renal  vessels  indepen- 
dently of  its  action  on  the  general  vaso-motor  centre.  Bmnton  and  Power 
found  that,  digitalis  canaed  an  inoreaae  of  the  blood-preBsnre  (dog),  but  the  eeore- 
tion  of  nrine  was  either  at  the  same  time  diminished,  or  it  ceased  altogether. 
The  latter  result  was  due  to  contraction  of  the  renal  blood-vessels,  but  when 
the  aortic  blood-pressure  began  to  fall,  the  amount  of  urine  secreted  rose  much 
above  nonnal^i.e.,  when  the  arteries  had  begun  to  relax.] 

During  fever,  the  renal  vessels  are  probably  contracted  in  consequence  of  the 
stimulation  of  the  renal  centre  by  the  abnormally  warm  blood  (Mendelson). 

The  repeated  respiration  of  CO  is  said  to  produce  polyuria,  perhaps  in  conse- 
quence of  paralysis  of  the  renal  vaso-motor  centre. 

Action  of  the  Vagus.'— According  to  CI.  Bernard,  stimulation  of  the  vagus  at 


6^i  TJRJEMlk  AND  AHMONLEMIA* 

the  cardia  increasM  the  nxinary  secretion,  while  at  the  same  time,  the  blood  of  the 
renal  vein  beoomes  red.  It  is  possible  that  this  nerve  may  contain  yaso-dilator 
nerve-fibres  corresponding  to  the  fibres  in  the  facial  nerve  for  the  salivary  glands 
<§145). 


277.  Uramia— AmmoniaBinia. 

Symptomfl  of  UraBinia- — After  excision  of  the  kidneys  (nephrotomy),  or 
ligature  of  the  nreter,  whereby  the  secretion  of  urine  is  arrested ;  in  man  also,  as 
a  result  of  certain  diseased  conditions  of  the  kidney  leading  to  the  suppression  of 
the  secretion  of  urine,  there  is  developed  a  series  of  characteristic  symptoms  which 
are  followed  by  death.  The  condition  is  called  unemic  intoxication  or  uramkL, 
Besides  marked  brain  phenomena,  drowsiness,  and  even  deep  coma,  there  are 
occasional  local  or  more  general  spcums.  Sometimes  there  is  delirhim;  Cheyne* 
Stokes*  phenomenon  is  often  observed  (§111,  n.),  and  there  may  be  vomiting  and 
<liarrho8a,  while  in  the  fluids  voided,  as  well  as  in  the  expired  air,  ammonia  may 
sometimes  be  detected. 

The  canse  of  these  phenomena  has  been  ascribed  to  the  retention  in  the  blood  of 
those  substances  which  normally  are  excreted  by  the  urine,  but  as  yet  it  has  not 
been  definitely  ascertained  which  of  these  substances  cause  the  phenomena: — 

1.  The  first  thought  is  to  ascribe  them  to  the  retention  of  the  uretu  v.  Voit 
found  that  dogs  exhibited  ursemic  symptoms  if  they  were  fed  for  a  long  time  on 
food  containing  urea  and  little  water.  Meissner  found  that  in  nephrotomised 
animals,  the  ursemic  symptoms  were  hastened  by  the  injection  of  urea  into  the 
blood.  The  injection  of  a  moderate  amount  of  urea,  in  peiiectiy  sound  animals,  is 
not  followed  by  uraemic  symptoms,  probably  because  the  urea  is  rapidly  excreted 
by  the  kidneys;  1-2  grammes  [15-30  grains]  so  injected  produce  comatose 
symptoms  in  rabbits. 

2.  The  injection  of  ammoniuili  CarbonatO  produces  symptoms  resembling 
those  of  ursomia,  so  that  v.  Frerichs  and  Stannius  thought  that  the  urea  was  de- 
•composed  in  the  blood,  yielding  ammonium  carbonate— ammonteemia.  Den^ankow 
observed  ursemic  phenomena  after  nephrotomy,  when  at  the  same  time  he  injected 
the  urea-ferment  (§  263)  into  the  blood.  Feltz  and  Bitter  obtained  uresmio 
•eymptoms  in  dogs  by  injecting  salts  of  ammonia. 

3.  As  ligature  of  the  ureters  produces  a  comatose  condition  in  those  animals^ 
which  excrete  chiefly  uric  acid  in  the  urine— «.^.,  birds  and  snakes  (Zalesky) — ^it  is 
possible  that  other  substances  may  produce  the  poisonous  symptoms.  The  injec- 
tion of  kreatinin  causes  feebleness  and  contraction  of  tiie  muscles  in  dogs 
(Meissner).  Bernard,  Traube,  and  more  recentiy  Feltz  and  Hitter,  ascribe  the 
eymptoms  to  an  accumulation  of  the  neutral  potassium  salts  in  the  blood  (§  54). 
The  injection  of  kreatin,  succinic  acid  (Meissner),  uric  acid,  and  sodio  urate 
<Banke)  is  without  effect. 

Schottin  and  Oppler  ascribe  the  results  to  an  accumulation  of  normal  or  abnor- 
mal extractives.  It  is  possible  that  several  substances  and  their  decomposition 
products  (v.  Voit,  Perls)  contribute  to  produce  the  result,  so  that  there  is  a 
•combined  action  of  several  factors,  but  perhaps  the  retention  of  the  poUuh  eaUs 
plays  the  most  important  part. 

Human  urine,  when  injected  under  the  skin  of  firogs  or  rabbits,  acts  as  a  poison, 
■and  even  causes  death  (CI.  Bernard,  Bocci). 

AXDmoniSBinia. — ^When  urine  undeigoes  the  alkaline  fermentation  within  the 
bladder,  and  ammonium  carbonate  is  formed,  the  anmionia  may  be  absorbed  and 
produce  this  condition.  The  breath  and  excretions  smell  strongly  of  ammonia; 
the  mouth,  pharynx,  and  skin  are  very  dry ;  there  is  vomiting,  with  diarrhosa  or 
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constipation,  while  uloen  may  form  in  the'intestine  (Treitz).    The  patient  rapidly 
loees  fleah^^and  death  occnrs  without  any  disturbance  of  the  mental  facolties. 

Uric  Add  Diathesis. — ^When  too  much  nitrogenous  food,  too  much  alcohoUo 
fluids  are  persistently  used,  and  little  muscular  exercise  taken,  especially  if  the 
vespiiatory  organs  are  interfered  with,  uric  acid  may  not  unfrequentiy  accumulate 
in  the  blood  (Garrod).  It  may  be  deposited  in  the  joints  and  their  ligaments* 
especially  in  the  foot  and  hand,  giving  rise  to  painful  inflanmiation,  and  forming 
gout-stones  or  chalk-stones.  The  heart,  liver,  and  kidneys  are  rarely  afifected* 
The  tissues  near  these  deposits  undergo  necrosis. 


278.  Structure  and  Functions  of  the  Ureter. 

Mucous  Membrane. — The  pelvis  of  the  kidney  and  the  ureter  are  lined  by  a 
mucou8  membrane,  consistiiig  of  connective-tissue,  and  covered  with  several  layers 
of  stratified  *'  tranaUioncU  "  epithelium  (Fig.  221).  The  cells  are  of  various  shapes, 
those  of  the  lowest  layer  being  usually  more  or  less  spherical  and  small,  while 
many  of  the  cells  in  the  upper  layers  are  irregular  in  shape,  often  with  long 
processes  passing  into  the  deeper  layers. 

Sub-mucosa. — Under  the  epithelium  there  is  a  layer  of  adenoid  tissue  (Ham- 
burger, Chiari),  which  may  contain  small  lymph-follides  [embedded  in  loose 
connective-tissue].  There  are  a  few  small  mucous  glands  in  the  pelvis  of  the 
kidney,  and  also  in  the  ureter  (Unruh,  Egli).  [They  are  lined  by  a  single  layer 
of  columnar  epithelium.] 

The  muscular  coat  consists  of  an  inner  somewhat  stronger  layer  of  hngitudindl 
non-striped  fibres,  and  an  outer  circular  layer.  In  the  lowest  third  of  the  ureter 
there  are,  in  addition,  a  number  of  scattered  muscular  fibres.  All  these  layers  are 
surrounded  and  supported  by  connective-tissue.  The  outer  layers  of  the  conneo* 
tive-tissue  form  an  outer  coat  or  adventitial  which  contains  the  large  vessels  and 
nerves  [with  small  ganglia].  The  various  coats  of  the  ureter  can  be  followed  up 
to  the  pelvis  of  the  kidney  and  to  its  calicos.  The  papiUad  are  covered  only  by 
the  mucous  membrane,  while  the  muscular  layer  ceases  at  the  apex  of  the 
pyramids,  where  they  are  disposed  circularly,  to  form  a  kind  of  gphmcter  muscle 
for  each  papilla  (Henle). 

The  blood-vessels  supply  the  various  coats,  and  form  a  capillary  plexus  under 
the  epithelium. 

The  nerves  ftre  not  very  numerous,  but  they  contain  medullated  {few)  and  non- 
medullated  fibres  with  numerous  ganglia  scattered  in  their  course.  They  are. 
partly  motor,  and  supply  the  muscular  layers,  and  some  pass  towards  the 
epithelium,  and  are  sensory  and  excUo-reflex  in  function.  It  is  these  nerves  which 
are  excited  when  a  calculus,  passing  along  the  ureter,  gives  rise  to  severe  pain. 
The  ureter  perforates  the  wall  of  the  bladder  obliquely.  The  inner  opening  is  a 
narrow  slit  in  the  mucous  membrane,  directed  downwards  and  inwards,  and 
provided  with  a  pointed  valve-like  process  (Fig.  222). 

Movement  of  the  Urine. — ^The  urine  is  propelled  along  the  ureter 
thus : — (I)  The  secretion,  which  is  continually  being  formed  under  a 
high  pressure  in  the  kidney,  propels  onwards  the  urine  in  front 
of  it,  as  the  urine  is  under  a  low  pressure  in  the  ureter.  (2) 
Gravity  aids  the  passage  of  the  urine  when  the  person  is  in  the 
erect  posture.  (3)  The  muscles  of  the  ureter  contract  rhythmically 
and  peristaltically,  and  so  propel  it  towards  the  bladder.  This  move- 
ment is  reflex,  and  is  due  to  the  presence  of  the  urine  in  the  ureter* 
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Every  three^uarters  of  a  minute  several  drops  of  urine  pass  into  the 
bladder  (Mulder).  But  the  fibres  may  also  be  excited  directly.  The 
contraction  passes  along  the  tube  at  the  rate  of  20-30  mm.  per  second, 
always  from  above-  downwards.  The  greater  the  tension  of  the  ureter 
due  to  the  urine,  the  more  rapid  is  the  peristaltic  movement  (Sokoleff 
and  Luchsinger). 

Local  Stimulation* — On  applying  a  Btimulas  to  the  ureter  directly,  the  con- 
traction passes  both  upwards  and  downwards.  Engehnann  obseryed  that  these 
movemeotB  ocoor  in  parts  of  the  ureter  where  nather  nerves  nor  ganglia  were  to 
be  fonnd,  and  he  conolnded  that  the  movement  was  propagated  by  "  muscular  con- 
duction." If  this  be  so,  then  an  impulse  may  be  propagated  from  one  non-striped 
muscular  cell  to  another  without  the  intervention  of  nerves  (compare  the  samo 
result  in  the  heart,  §  58,  L,  3,  p.  101). 

Prevention  of  Sefluz. — ^The  urine  is  prevented  from  exerting  a  back* 
ward  pressure  towards  the  kidneys,  thus : — 1.  The  urine  which  collects  ' 
in  the  pelvis  of  the  kidney  is  under  a  high  pressure,  and  thus  tends 
uniformly  to  compress  the  pyramids,  so  that  the  urine  cannot  pass  into 
the  minute  orifices  of  the  urinary  tubules  (K  H.  Weber).  2.  When 
there  is  a  considerable  accumulation  of  urine  in  a  ureter,  e,g.f  from  the 
presence  of  an  impacted  calculus  or  other  cause,  there  is  also  more  ener- 
getic peristalsis,  and,  at  the  same  time,  the  circular  muscular  fibres 
round  the  apices  of  the  pyramids,  compress  the  pyramids  and  prevent 
the  reflux  of  urine  through  the  collecting  tubules.  The  urine  is  pre- 
vented from  passing  back  from  the  bladder  into  the  ureter,  by  the  fact 
that^  when  the  bladder  is  greatly  distended  with  urine,  the  wall  of  the 
bladder  itself,  and  the  part  of  the  ureter  which  passes  through  it,  are 
compressed,  so  that  the  edges  of  the  slit-like  opening  (Fig.  222)  of  the 
ureter  are  rendered  more  tense,  and  are  thus  approximated  towards 
each  other. 


279.  Urinary  Bladder  and  Urethra. 

structure. — ^The  mucous  membrane  of  the  bladder  resembles  that  of 
the  ureter;  the  upper  layers  of  the  stratified  transitional  epithelium 
are  flattened.  It  is  obvious  that  the  form  of  the  cells  must  vary  with 
the  state  of  distension  or  contraction  of  the  bladder.  [The  mucous 
membrane  and  muscular  coats  are  thicker  than  in  the  ureter.  There 
are  mucous  glands  in  the  mucous  membrane,  especially  near  the  neck 
of  the  bladder.] 

Sub-mucous  CrOat.—There  is  a  layer  of  delicate  fibrillar  connectiye-tissuft 
mixed  with  elastic  fibres  between  the  mucous  and  muscular  layers. 

P?he  serous  Coat  Ib  continuous  with,  and  has  the  same  structure  as,  the 
peritoneum,  and  it  ooyen  only  the  posterior  and  upper  half  of  the  organ.] 


mUNAKT   BLADDER   ASD  UBSTERA. 


HoBciiUtlire. — The  non-striped  mnscnlar  fibres  are  ammged  in 
bnudlea  in  sereral  layers,  an  extental 
htupiudinai  layer  best  developed 
on  the  anterior  and  posterior 
eorfaces,  and  an  inner  circular 
layer.  [Between  Uiese  two  is  an 
ebligue  layer.]  ' 

TbeN  tm  other  bnndlM  of  muscular 
fibres  Bmuged  is  diSereat  directions. 

Physiologically,  the  nmscnlatnre 
of  the  bladder  represents  a  single 
or  common  hollow  muscle,  whose 
function,  when  it  contracts,  is  to 
flimjin'iih  uuifomly  Uie  size  of  the 
bladder,  and  thus  to  expel  its  con- 
tents (§  306). 

Ths  blood-TSfBel*  retemble  tboM  of 
the  ureter.    The  nervei  farm  a  plexm. 


Fig.  221. 
TraosItiouB}  epthelium  from  the  bladder- 
Many  of  the  large  cellg  lie  upon  the 
riinmit  of  the  calamnar  aud  oaudato 
cells,  and  depresaioDB  are  Been  on 
their  under  mr&ce  (after  Beale). 


and  ajD  placed  partly  in  the  moootu  membrane  and  partly  in  the  miucalar  coat, 
and,  like  all  the  eitra-renal  parts  of  the  nrinoiy  apparatna,  are  proTided  with 


Fig.  222. 

Lower  part  of  the  human  bladder  laid  open,  with  the  lower  enda  of  the  ureter*. 
Note  the  clear  part,  the  trigone,  the  tlit-like  openings  of  the  nreters,  th« 
divided  nretert,  and  veeicnhe  leminalBE ;  the  ainaa  prottaticns,  and  on  each 
aide  of  it,  the  round  openings  of  the  ejacnlatory  ducts,  and  below  both  th» 
IS  amall  apertnres  of  the  ducta  of  the  prostate  gland. 


ganglia,  some  of  these  lying  In  the  mucosa,  othen  In  the  anb-mncosa,  and  con- 
neeted  to  tach  other  by  fibres  (Mater).     Ganglia  occur  in  the  conne  of  the  motor 
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aerve-fibres  in  the  bladder  (W.  WolS).  Their  f  nndaonB  are  motor,  lenBory,  ezdto- 
motor,  and  Taao-motor.  [Sympathetic  nerve-ganglia  also  exist  underneath  the 
iserous  coat  (F.  Darwin).] 

A  too  minnto  disseotion  of  the  several  layers  and  bundles  of  the  mnscolatore  of 
the  bladder  has  given  rise  to  erroneous  inferences.  Thus,  we  speak  of  a  special 
detrusor  urnuB,  which,  however,  conmsts  chiefly  of  fibres  nmning  on  the  anterior 
and  postorior  surfaces  from  the  vertex  to  the  fundus.  There  does  not  seem  to  be 
a  special  spJUncter  vesiccs  intemua  ;  it  is  merely  a  thicker  circular  (6-12  mm.)  layer 
of  non-striped  muscle  which  surrounds  the  beginning  of  the  urethra,  and  which, 
from  its  shape,  helps  to  form  the  funnel-like  exit  of  the  bladder.  Numerous  mus* 
•cular  bundles,  connected  partly  with  the  longitudinal  and  partly  with  the  circular 
fibres  of  the  bladder,  exist,  especially  in  the  trigone,  between  the  orifices  of  the 
4ireters. 

Sphincter  UreihraB. — The  proper  sphincter  urethrsd  is  a  trcmsversdy 
Griped  muscle  subject  to  the  will,  and  consists  of  completely  circular 
fibres  which  extend  downwards  as  far  as  the  middle  of  the  urethra, 
and  partly  of  longitudinal  fibres,  which  extend  only  on  the  posterior 
surface  towards  ibhe  base  of  the  bladder,  where  they  become  lost 
between  the  fibres  of  the  circular  layer  (Henle). 

In  the  male  urethra,  the  epithelium  of  the  prostatic  part  is  the  same  as  that  in. 
the  bladder ;  in  the  membranous  portion  it  is  stratified,  and  in  the  cavernous  part» 
the  simple  cylindrical  form.  The  mucous  membrane,  under  the  epithelium  itself, 
is  beset  with  papiUce,  chiefly  in  the  posterior  part  of  the  urethra,  and  contains  the 
mucous  glands  of  Littre. 

Non-striped  muscle  occurs  in  the  prostatic  part  arranged  longitudinally,  chiefly 
■at  the  colliculus  seminalis ;  in  the  membranous  portion,  the  direction  of  the  fibres 
is  chiefly  circular,  with  a  few  longitudinal  fibres  intercalated ;  the  cavernous  part 
has  a  few  circular  fibres  posteriorly,  but  anteriorly  the  muscular  fibres  are  single 
.and  placed  obliquely  and  longitudinally. 

Closure  of  the  Bladder. — Aa  to  the  means  by  which  the  male  urethra 
is  kept  closed,  it  must  be  remembered  that  the  so-called  internal  vesical 
4sphincter  of  the  anatomists,  which  consists  of  non-striped  muscle,  is  in 
reality  an  integral  part  of  the  muscular  coat  of  the  bladder  and  sur- 
rounds the  orifice  of  the  urethra  as  far  down  as  the  prostatic  portion, 
just  above  the  colliculus  seminalis.  It  is,  however,  not  the  sphincter 
muscle.  The  proper  sphincter  urethrm  (spL  vesica  extemus)  lies  below 
the  latter.  It  is  a  completely  circular  muscle  disposed  around  the 
urethra,  close  above  the  entrance  of  the  urethra  into  the  septum 
urogenitale  at  the  apex  of  the  prostate,  where  it  exchange?  fibres  with 
the  deep  transverse  muscle  of  the  perinseum  which  lies  under  itw 

Some  longitudinal  fibres,  which  run  along  the  upper  margin  of  the  prostate  from 
the  bladder,  belong  to  this  sphincter  muscle.  Single,  transverse  bundles  passing 
forward  from  the  surface  of  the  neck  of  the  bladder,  the  transverse  bands  which  lie 
within  the  prostate  opposite  the  apex  of  the  colliculus  seminalis,  and  a  strong  trans- 
verse bundle  passing  in  front  of  the  origin  of  the  urethra  into  tiie  substance  of  the 
prostate — aU  belong  to  the  sphincter-muscle  (Henle).  In  the  male  urethra,  the 
blood-vessels  form  a  rich  capillary  plexus  under  the  epithelium,  below  which  is  a 
wide-meshed  lymphoUie  plexus. 


RETENTION  OF  URINE  IN  THE  BLADDER.  589 

280.  Accumulation  and  Retention  of  Urine- 
Micturition. 

After  emptying  the  bladder,  the  urine  slowly  collects  again,  the 
bladder  being  thereby  gradually  distended.  As  long  as  there  is  a 
moderate  amount  of  urine  in  the  bladder,  the  elasticity  of  the  elastic 
fibres  surrounding  the  urethra,  and  that  of  the  sphincter  of  the  urethra 
(and  in  the  male  of  the  prostate)  suffice  to  retain  the  urine  in  the  bladder. 
This  is  shown  by  the  fact  that,  the  urine  does  not  escape  from  the 
bladder  after  death. 

If  the  bladder  is  greatly  distended  (1*5-1*8  litre),  so  that  its  apex 
projects  above  the  pubes,  then  its  walls  being  distended  cause  a  gentle 
stimulation  of  their  sensory  nerves  (feeling  of  a  full  bladder),  while,  at 
the  same  time,  the  urethral  opening  is  thereby  dilated,  so  that  a  few 
drops  of  urine  pass  into  the  beginning  of  the  urethra. 

Besides  the  subjective  feeling  of  a  full  bladder,  this  tension  of  the 
walls  of  the  bladder  causes  a  reflex  effect,  so  that  the  urinary  bladder 
contracts  periodically  upon  its  fluid  contents,  so  do  the  sphincter  of 
the  urethra  and  the  muscular  fibres  of  the  urethra^  and  thus  the 
urethra  is  closed  against  the  passage  of  these  drops  of  urine.  As  long 
as  the  pressure  within  the  bladder  is  not  very  high,  the  reflex  activity 
of  the  transversely-striped  sphincter  overcomes  the  other  (as  during 
sleep) ;  but,  as  the  pressure  rises  and  the  distension  increases,  the  con- 
traction of  the  walls  of  the  bladder  overcomes  the  closure  produced  by 
the  sphincter,  and  the  bladder  is  emptied,  as  occurs  normally  in  young 
children. 

Slight  movements  confined  to  the  bladder,  occur  during  psychical  or  emotional 
disturbances  (e.^.,  anger,  fear)  [the  bladder  may  be  emptied  involuntarily  during 
a  fright],  after  stimulation  of  sensory  nerves  (P.  Bert^  v.  Basoh,  Meyer),  auditory 
impressions,  restraining  the  respiration,  and  by  arrest  of  the  heart's  action. 
There  are  slight  periodic  variations  coincident  with  variations  in  the  blood- 
pressure.  The  contractions  of  the  bladder  cease  alter  deep  inspiration,  and  also 
during  apnoea  (Moeso  and  Pellacani).  The  excised  bladder  of  the  frog,  and  even 
portions  free  from  ganglia,  exhibit  rhythmical  contractions,  which  are  increased 
by  heat  (Pfalz). 

As  age  advances,  the  sphincter  urethrsa  comes  under  the  control  of 
the  will,  so  that  it  can  be  contracted  voluntarily,  as  occurs  in  man 
when  he  forcibly  contracts  the  buIbo*cavemosus  muscle  to  retain  urine 
in  the  bladder.  The  sphincter  am  usually  contracts  at  the  same  tune. 
The  reflex  activity  of  the  sphincter  may  also  be  inhibited  voluntarily, 
so  that  it  may  be  completely  relaxed.  This  is  the  condition  when  the 
bladder  is  emptied  voluntarily. 

Henret. — ^The  nerves  concerned  in  the  retention  and  evacuation  of  the 
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urine  are : — 1.  The  motor  nerves  of  the  sphincter  urethrsd,  which  lie  in 
the  pudendal  nerve  (anterior  roots  of  the  third  and  fourth  sacral  nerves). 
When  these  nerves  are  divided,  as  soon  as  the  bladder  becomes  so 
distended  as  to  dilate  the  urethral  opening,  the  urine  begins  to  trickle 
awaj  (incontinence  of  urine).  2.  The  sensory  nerves  of  (he  urethra^ 
which  excite  these  reflezes,  leave  the  spinal  cord  by  the  posterior  roots 
of  the  third,  fourth,  and  fifth  sacral  nerves.  Section  of  these  nerves 
also  causes  incontinence  of  urine.  The  eerUre  in  ^ogi  lies  opposite 
the  fifth,  and  in  rabbits,  opposite  the  seventh,  lumbar  vertebra  (Budge). 
3.  Fibres  pass  from  the  cerebrum — those  that  convey  voluntary  im- 
pulses through  the  peduncles,  and  the  anterior  columns  of  the  spinal 
cord  (according  to  Mosso  and  Pellacani,  through  the  posterior  columns 
and  the  posterior  part  of  the  lateral  columns),  to  the  motor  fibres  of 
the  sphincter  urethrsB.  4.  The  inhibiiory  fibres  concerned  in  the  reflex- 
inhibition  of  the  sphincter  urethrse,  take  the  same  course  (perhaps 
from  the  optic  thalamus  f)  downwards  through  the  cord  to  where  the 
thirdj  fourth,  and  fifth  sacral  nerves  leave  it  5.  Sensory  nerves  pro- 
ceed from  the  urethra  and  bladder  to  the  brain,  but  their  course  is  not 
known.  Some  of  the  motor  and  sensory  fibres  lie  for  a  part  of  their 
course  in  the  sympathetic. 

Transverse  section  of  the  spinai  cord  above  where  the  nerves  leave  it> 
is  always  followed  in  the  first  instance,  by  retention  of  urine,  so  that  the 
bladder  becomes  distended.  This  occurs  because — 1,  the  section  of 
the  spinal  cord  increases  the  reflex  activity  of  the  urethral  sphincter; 
and,  2,  because  the  inhibition  of  this  reflex  can  no  longer  take  place. 
As  soon,  however,  as  the  bladder  becomes  so  distended,  as  in  a  purely 
mechanically  manner  to  cause  dilatation  of  the  urethral  orifice,  then  the 
urine  trickles  away,  but  the  amount  of  urine  which  trickles  out  in 
drops,  is  small.  Thus  the  bladder  becomes  more  and  more  distended, 
as  the  continuously  distended  walls  of  the  organ  yield  to  the  in- 
creased tension,  so  that  the  bladder  may  become  distended  to  an 
enormous  extent  The  urine  very  frequently  becomes  ammoniacal,  and 
there  results  catarrh  and  inflammation  of  the  bladder  (p.  550,  §  263). 

Voluntary  Micturition. — Observers  are  not  agreed  as  to  the  mechanism 
concerned  in  emptying  the  bladder,  when  it  is  only  partially  fulL  It  is 
stated  by  some  that,  a  voluntary  impulse  passes  from  the  brain  along  a 
cerebral  peduncle,  the  anterior  columns  of  the  cord  and  the  anterior 
roots  of  the  third  and  fourth  sacral  nerves,  and  partly  through  motor 
fibres  from  the  second  to  the  fifth  lumbar  nerves  (specially  the  third), 
to  act  directly  upon  the  smooth  muscular  fibres  of  the  bladder.  This 
is  assumed,  because  electrical  stimulation  of  any  part  of  this  nervous 
channel  causes  contraction  of  the  bladder.  This  view,  however, 
does  not  seem  to  be  the  true  one.     It  is  to  be  remembered  that 
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Badge  showed  that  the  sensory  nerves  of  the  wall  of  the  bladder  are 
contained  in  the  first,  second,  third  and  fourth  sacral  nerves,  and  also 
in  part,  in  the  conrse  of  the  hypogastric  plexus,  from  whence  they 
ultimately  pass  by  the  rami  communicantes  into  the  spinal  cord. 

According  to  Landois,  the  smooth  musculature  of  the  bladder  qannot 
be  excited  directly  by  a  voluntary  impulse,  but  is  always  caused  to 
contract  reflexly.  If  we  wish  to  micturate  when  the  urinary  bladder 
contains  a  small  quantity  of  urine,  we  first  excite  the  sensory  nerves  of 
the  opening  of  the  urethra,  either  by  causing  slight  contractions  of  the 
sphincter  urethrso,  or  by  means  of  slight  abdominal  pressure,  and  thus 
force  a  little  urine  into  the  urethral  orifice.  This  sensory  stimulation 
causes  a  reflex  contraction  of  the  walls  of  the  urinary  bladder.  At  the 
same  time,  this  condition  is  maintained  voluntarily,  by  the  action  of  the 
intra-cranial  reflex-inhibitory  centre  of  the  sphincter  urethrsa.  The 
cerUre  for  the  reflex  stimulation  of  the  movements  of  the  waJls  of  the 
urinary  bladder  is  placed  somewhat  higher  in  the  spinal  cord  than  that 
for  the  sphincter  urethrse.  In  dogs,  it  is  opposite  the  fourth  lumbar 
vertebra  (Gianuzzi,  Budge). 

Pamfhl  BtimnUtion  of  sensory  nerves  causes  reflex  contraction  of  the  bladder 
and  evacuation  of  the  urine  (in  children  during  teething).  Reflex  contraction  of 
the  bladder  can  be  brought  about  in  cats,  by  stimulation  of  the  inferior  mesenteric 
ganglidn.  After  section  of  all  the  nerves  going  to  the  bladder,  hemorrhage  and 
asphyxia  cause  contraction  by  a  direct  effect  upon  the  structures  in  the  wall  of 
the  bladder.  Aa  yet  no  one  has  succeeded  in  exciting  artificially  the  inhibitory 
centre  in  the  brain,  for  the  sphincter  muscle  (Sokowin  and  Kowalewsky). 

It  seems  probable  that,  as  in  the  case  of  the  anal  sphincter  (§  160),  there  is  not  a 
continuous  tonic  reflex  stimulation  of  the  sphincter  urethrse;  the  reflex  is  excited 
each  time  by  the  contents.  2.  The  sphincter  vesic»  of  the  anatomists,  which 
consists  of  smooth  muscular  tissue,  does  not  seem  to  take  part  in  closing  the 
bladder.  Budge  and  Landois  found  that^  after  removal  of  the  transversely  striped 
sphincter  urethr»,  stimulation  of  the  smooth  sphincter  did  not  cause  ocdusion  of 
the  bladder,  nor  could  L.  Rosenthal  or  v.  Wittich  convince  themselves  of  the 
presence  of  tonus  in  this  muscle.  Indeed,  its  very  existence  is  questioned  by 
Henle. 

Changes  of  the  Urine  in  the  Bladder.— When  the  urine  is  retained  in  the 
bladder  for  a  considerable  time,  according  to  Kaupp,  there  is  an  increase  in  the 
aodium  chloride  and  a  decrease  in  the  urea  and  water.  Urine  which  remains 
for  a  long  time  in  the  bladder  is  prone  to  undergo  ammoniacal  decomposition 
(p.  550). 

Absorption. — The  mucous  membrane  of  the  bladder  is  capable  of  absorbing 
aubstances — ^potassium  iodide,  and  other  soluble  salts — ^very  slowly. 

As  the  ureters  enter  near  the  base  of  the  bladder,  the  last  secreted  urine  is 
always  lowest.  If  a  person  remain  perfectly  quiet,  strata  of  urine  are  thus 
formed,  and  the  urine  may  be  voided  so  as  to  prove  this  (Edlefsen). 

The  pressure  within  the  bladder,  when  in  the  supine  position  =  13-15  centi- 
metres of  water.  Increase  of  the  intra-abdominal  pressure  (by  inspiration,  forced 
expiration,  coughing,  bearing-down)  increases  the  pressure  within  the  bladder. 
.  The  erect  posture  also  increases  it,  owing  to  the  pressure  of  the  viscera  from 
above  (Schatz,  Dubois). 
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Durmg  mietaritiQa,  the  amomit  of  nrine  Toided  at  first  is  small,  but  it  increases 
with  the  time,  and  towards  the  end  of  the  act  it  again  diminishes.  In  men,  the 
last  drops  of  mine  are  ejected  from  the  urethra  by  voluntary  contractions  of  the 
bulbo-cavemosus  muscle.  Adult  dogs  increase  the  stream  rhythmically  by  the 
action  of  this  muscle. 


281.  Retention  and  Incontinence  of  Urine. 

Betention  of  urine  w  Udiuna  occurs : — l.  When  there  is  obstruction  of  the 
urethra,  from  foreign  bodies,  concretions,  stricture,  swelling  of  the  prostate. 
%  Paralysis  or  exhaustion  of  the  musculature  of  the  bladder;  the  latter  sometimes 
occun  after  delivery,  in  oonsequence  of  the  pressure  of  the  child  against  the 
bladder.  3.  After  section  of  the  spinal  cord  (p.  590).  4.  Where  the  voluntary 
impulses,  are  unable  to  act  upon  the  inhibitory  apparatus  of  the  sphincter 
nrethrsa  reflex,  as  well  as  when  the  sphincter  urethrn  reflex  is  increased. 

InCOntilieiLCe  of  nrilie  (lA^kidwm  urvM^  occurs  in  consequence  of— 1.  Paralysia 
of  the  sphincter  urethrse.  2.  Loss  of  sensibility  of  the  urethra,  which  of  course 
abolishes  the  reflex  of  the  sphincter.  3.  Trickling  of  the  urine  is  a  secondary 
consequence  of  section  of  the  spinal  cord,  or  of  its  degeneration. 

Strangnry  is  an  excessive  reflex  contraction  of  the  walls  of  the  bladder  and 
sphincter,  due  to  stimulation  of  the  bladder  and  urethra;  it  is  observed  in  inflam- 
mation, neuralgia,  [and  after  the  use  of  some  poisons,  e.^.,  cantharides]. 

Ennresis  nOCtlinia>  or  involuntary  emptying  of  the  bladder  at  night,  may  be 
due  to  an  increased  reflex  excitability  of  the  wall  of  the  bladder,  or  weakness  of 
the  sphincter. 


282.  Comparative  and  Historical. 

Amongst  vertebrates,  the  urinary  and  genital  organs  are  frequently  combined, 
except  in  the  osseous  fishes.  The  WolfiQan  bodies  which  act  as  organs  of  excretion 
during  the  embryonic  period,  remain  throughout  life  in  fishes  and  amphibians,  and 
continue  to  act  as  such  (Gegenbaur).  Fishes.— The  myxinoida  (cyclostomata) 
have  the  simplest  kidneys ;  on  each  side  is  a  long  ureter  with  a  series  of  short- 
stalked  glomeruli  with  capsules,  arranged  along  it.  Both  ureters  open  at  the 
genital  pore.  In  the  other  fishes,  the  kidneys  lie  often  as  elongated  compact 
masses  along  both  sides  of  the  vertebral  column.  The  two  ureters  unite  to  form  9t 
urethra,  which  always  opens  behind  the  anus,  either  united  with  the  opening  of 
the  genital  organs,  or  behind  this.  In  the  stui^eon  and  hag-fish,  the  anus  and 
orifice  of  the  urethra  together  form  a  cloaca.  Bladder-like  formations,  which, 
however,  are  morphologically  homologous  with  the  urinary  bladder  of  mammaliy 
occur  in  fishes,  either  on  each  ureter  (ray,  hag-fish),  or  where  both  join. 

In  amphibiflJlS)  the  vasa  efferentia  of  the  testicles  are  united  with  the  urinary 
tubules ;  the  duct  in  the  frog  unites  with  the  one  on  the  other  side,  and  both 
conjoined  open  into  the  cloaca,  whilst  the  capacious  urinary  bladder  opens  through 
the  anterior  wall  of  the  cloaca. 

From  reptiles  upwards,  the  kidney  is  no  longer  a  persistent  Wolffian  body,  but 
a  new  organ.  In  reptiles,  it  is  usually  flattened  and  elongated;  the  ureters  open 
singly  into  the  cloaca.  Saurians  and  tortoises  have  a  urinary  bladder.  In  birds, 
the  isolated  ureters  open  into  the  urogenital  sinus,  which  opens  into  the  cloaca, 
internal  to  the  excretory  ducts  of  the  genital  apparatus.  The  urinary  bladder  is 
always  absent.  In  xnammalSy  the  kidneys  often  consist  of  many  lobules,  e,g,, 
dolphin,  ox. 
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Amongrt  invertebrates,  the  moUlUea  have  excretory  organs  in  the  form  of 
canalB^  which  are  proyided  with  an  outer  and  an  inner  opening.    In  the  mussel, 
this  canal  is  provided  with  a  spongy-like  oigan,  often  witii  a  central  cavity,  and 
consisting  of  ciliated  secretory  cells,  placed  at  the  base  of  the  gills  (oigan  of 
Bojanns).    In  gasteropods,  with  analogous  organs,  uric  acid  has  been  found. 

InsectSy  Spiders,  and  centipedes  have  the  so-called  Malpighian  vessels,  which 
are  partly  ezcret(»y  organs  for  uric  add  and  partly  for  bile.  These  vessels  are- 
long  tabes,  which  open  into  the  first  part  of  the  large  intestine.  In  crabs,  blind 
tubes  connected  with  the  intestinal  tube,  perhaps,  have  the  same  functions.  The 
vermes  also  have  renal  organs. 

HistorieaL^Aristotle  directed  attention  to  the  relatively  large  size  of  the 
human  bladder— he  named  the  ureters.  Massa  (1552)  found  lymphatics  in  th» 
kidney.  Eustachius  (tl580)  ligatured  the  ureters  and  found  the  bladder  empty. 
Cusanus  (1565)  investigated  the  colour  and  weight  of  the  urine.  Bousset  (1581> 
described  the  muscular  nature  of  the  waUs  of  the  bladder.  Vesling  described 
tl)e  trigone  (1753).  The  first  important  chemkal  investigations  on  the  urine  dat& 
£rom  the  time  of  van  Helmont  (1644).  He  isolated  the  solids  of  the  urine  and 
fraud  among  them  common  salt;  he  ascertained  the  higher  specific  gravity  of 
lever-urine,  and  ascribed  the  origin  of  urinary  calculi  to  the  solids  of  the  urine 
Scheele  (1766)  discovered  uric  acid  and  calcium  phosphate.  Brand  and  Kunckel^ 
phosphorus.  Rouelle  (1773)  urea;  and  it  got  its  name  from  Fourcroy  and  Vau- 
quelin  (1799).  Berzelius  found  lactic  add;  Seguin,  albumin  in  pathological  urine ;. 
liebig,  hippuric  add;  Heintz  and  v.  Pettenkofer,  kreatin  and  kreatinin;  Wollas- 
ton  (1810)  cystin.    Maroet  found  xanthin;  and  lindbergson,  magnesia  carbonate^ 
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288.  Structure  of  the  Skin. 

The  akin  (2*3-2*7  mm.  thick;  specific  gravity,  1057)  consists  of — 

[1.  The  epiderrm; 

2.  The  choriiiftny  or  aUis  vera,  with  the  papillsB ; 

3.  The  sabcntaneous  tissae,  with  masses  of  fat] 

The  epidermis  (0*08-0*12  mm.  thick)  consists  of  many  layers  of 
stratified  epithelial  cells  united  to  each  other  by  cement  substance. 
The  saperficial  layers — ^aivm  cameum  (Fig.  223,  ()— consist  of  several 
layers  of  diy  homy  non-nncleated  sqoames,  which  swell  np  in  solution 
of  caustic  soda  (Fig.  223,  £).  [It  is  always  thickest  where  intermittent 
pressure  is  applied,  as  on  the  sole  of  the  foot  and  pahn  of  the  hand.} 
The  next  layer  is  the  strcUvm  Jucidum  (Oehl) — it  is  clear  and  transparent 
in  a  section  of  skin,  hence  the  name.  It  consists  of  compact  layers  of 
clear  cells  with  vestiges  of  nuclei  (between  b  and  d).    Under  this  is 


Fig.  223. 
I,  Y«rtioa1  aeotion  of  the  Bkia,  with  t,  hair  and  sebMeona  gland,  T.  Epidermii 
tud  chorinm  ihortened — 1,  oBter;  2,  iuoer  fibrona  layer  of  the  hAir-foUide; 
3,  hyaline  layer  of  the  hBir-fbllioIe;  i,  onter  root  aheath;  B,  Hniley'i  layer  of  the 
inner  root  diMth;  6,  Hcole'a  layer  of  the  ume;  p,  root  of  the  hair,  with  it« 
papilla;  A,  arreotor  pill  moacle;  C,  chorium;  a,  anbcntaneana  fatty  tisrae; 
h,  epidermia  (homy  layer);  d,  rete  Ualpighii;  g,  blood-veuela  of  papilln;  r, 
Jymphatiai  of  the  aame;  A,  honiy  or  comeoaa  mbstanoe;  i,  mednlla  or  ^th; 
i,  epidemuB  or  cuticle  of  hur;  K,  coil  of  aweat-gland;  E,  epidermal  aralei 
{seen  from  above  and  «n  face)  from  the  atratom  oomenm;  R,  priokle  cella 
from  the  rete  Mal|ugliii ;  n,  aaperfioial,  and  m,  deep  colla  from  the  nail ;  H, 
hair  magnified ;  e,  caticle ;  e,  mednlla,  with  cella ;  /,  /,  fnaifbnn  fibrooa  oelli  of 
the  Eubstance  of  the  hair ;  x,  oella  of  Htuley's  layer ;  I,  those  of  Henle's  layer; 
8,  tnutaverse  section  of  a  aweat-gland  from  the  axilla ;  a,  smooth  moacnlar 
fibres  ■nrronndiag  it;  I,  cella  from  a  sehaceoat  gland,  aome  of  them  oiuktaiaing 
granulea  of  oiL 

the  rete  raucosum  or  ret«  Malpighii,  d,  consisting  of  many  layen  of 
nucleated  protoplaatoic  epithelial  cells.     These  ceUa  coattun  pigment  in 
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the  dark  racee,  and  in  the  skia  of  ttie  Bcrotum,  and  around  the  annsL 
[The  Buperficial  cells  are  more  fiisifonn,  and  contain  granules  which 
stain  deeply  with  cannine.  They  constitute,  3,  the  straium  granahmm 
(Langerhans).  In  these  cells  the  formation  of  keratin  ia  abont  to 
b^lin,  and  the  granules  hare  been  called  eleidin  ffmnuUs  by  Ranvier. 
They  ate  chemically  on  the  way  to  be  transformed  into  keratin.  AH 
comeons  structures  contain  similar  granules  in  the  area  where  the 
«e11s  are  becoming  corneous,  i  Then  follow  several  layers  of  more  or 
less  polyhedral  cells,  softer  and  more  plastic  in  their  nature,  and 
exhibiting  the  characters  of  so-called  "prickle  cells"  (Tig.  223,  E). 


Vartic^  aectionof  the  cal^  vera,  and  part  of  the  epidermu— s',  cells  of  the  rete 
Malpighui^,  capillary;  6,  papilla;  c,  lilood- vessel;  d,  nerve-fibre  entering  a 
Wagner's  tonch'Corpuacle,  e;  /,  section  of  a  nerre-tibie  (after  Biesiadecki). 

The  deepest  layer  of  cells  is  more  or  less  colunmar,  and  the  cells  are 
placed  vertically  upon  thepapillse  (Fig.  224,  g).  Granular  leucocytes 
or  wandering  cells  are  sometimes  found  between  these  cells  (Biesiadecki). 
This  layer  has  been  called,  4,  Slratum  Malpighii.  The  rete  Malpighii 
dips  down  between  adjacent  papilljCi  and  forms  interpapillary  processes. 
According  to  Klein,  a  delicate  basement  membrane  separates  the 
epidermis  from  the  true  skin.]  The  superficial  layers  of  the  epidermis 
an  continually  being  thrown  off,  while  new  cells  are  contitinally  being 
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formed  in  the  deeper  lnjerB  of  tlie  skin  by  proliferatioD  of  the  c«Us  of 
the  rete  Malpighii.  There  is  a  gradual  change  in  the  microscopic  and 
chemical  characteis  of  the  cells  as  ve  pass  from  the  deepest  to  the  most 
mpeificial  layers  of  the  epidermis. 


■(1.)  Slraitm 
1(2.)  SlToiumlmdi 


L  •     P   »™>W)  j  ^3  J  StTatum  grantdosum,  \  ^     Mncosnm. 
\(4,)  Stratum  Malpighii,    j 
II.  Cutis  vera  with  its  papillie. 
in.  SubcntaneouB  layer  with  a  layer  of  fat.] 

[Id  a  vertical  Bection  of  the  akin  etained  with  picro-cannine,  the  3.  gnmuloaiim  \» 
deeply  stained  red,  and  is  thaB  readily  distiagniBhed  amongst  tbe  <Jtlier  layers  of 
tlie  eiudarmia.] 

The  cboiinm  (Fig.  223, 1,  C)  is  beset  throughout  its  entire  surface  by 
numerous  (O'5-O'l  mm.  high)  papilla  (Fig.  225),  the  largest  being  upon 
the  volar  suriace  of  the  hand  and  foot,  on  the  nipple  and  glans  penis. 
Most  of  the  papillee  contain  a  looped  capillary  (ff),  while  in  limited  areas 
some  of  them  contain  a  touch-corpuscle  (Fig.  224,  e).  The  papillae  are 
disposed  in  groups,  whose  arntogement  varies  in  different  parts  of  the 
body.  In  the  pahn  of  the  hand  and  sole  of  the  foot  they  occur  in  rows, 
which  are  marked  out  by  the  existence  of  delicate  furrows  on  the  surface 
visible  to  the  naked  eye.  The  chorium  consists  of  a  dense  net-work  of 
bundles  of  white  fibrous  tissue  mixed  with  a  net-work  of  elastic  J^res, 
which  are  more  delicate  in  the  papillae.  The  connective-tissue  contains 
many  connective-tissue  corpuscles  and  numerous  leucocytes.  The  deeper 
connective-tissue  layers  of  the  chorium  gradually  pass  into  the  sub- 
cutantous  tissue,  where  they  form  a  trabecular  arrangement  of  bundles. 


Fig.  225. 
P^QIb  of  die  skin,  epidermis  removed,   biood- 

vewelB   ii^eeted ;     some   contun    a   Wagner's  Fig.  226. 

tonch-corpqade,  a,  the  otiten  a  capillary  loop  x         Fat  cells  cotttaiuiox  ciTstsli  <^ 
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leaving  between  them  elongated  rhomboiditl  spaces  filled  for  the  most  part 
viU)  groups  of  fai  cells  (Fig.  223,  a,  a).  [In  microscopic  sectiooB,  after 
the  action  of  alcohol,  the  fat  cells  not  unfreqnently  contain  crystals  of 
margarin  (Fig.  226).]  The  long  axis  of  the  rhomb  corresponds  to  the 
greater  tension  of  the  skin  at  that  part  (C.  Longer).  In  some  sitnations 
the  snbcntaneous  tissue  is  devoid  of  fat  [penis,  eyelids.]  In  many 
situations,  the  skin  is  fixed  by  solid  fibrous  bands  to  subjacent 
structures,  as  fasciae,  ligamente,  or  bones  (tenacuU  cutis);  in  other 
situations,  as  over  bony  prominences,  bursse,  filled  with  synovial  fluid. 

Smooth  muscular  fibres  occur  in  the  chorium  in  certain  situations,  on 
extensor  surfaces  (Neumann),  nipple,  areola  mammae,  prepuce,  perinieum, 
and  in  special  abundance  in  the  tunica  dartos  of  the  scrotum, 

284.  Nails  and  Hair. 

Tbenails(opeci6cgntvit7l-19)coiiei3tofDumen>ualByerH  of  solid,  homj,  homo- 
geneoDS,  epidermal,  or  nul-ceHs,  which  naj  be  isolated  with  »  solutdoii  of  cauitio 
allulies,  when  they  swell  up  and  exhibit  the  reuuuiiB  of  an  elongated  nnclena 
(Fig.  223,  n,  m).     The  whole  under  surface  of  the  nail  rests  upon  the  nail-bed  ; 


Fig.  227. 
TiniUTCTse  oecfionof  one-half  of  anail— a,  nail-mbrtaaee ;  (.morac^en  layer  of 
cells  of  the  nail-bed ;  t,  stntttim  Malpigbii  of  the  nail-bed ;  d,  trausvenel; 
^vided  papilln ;  e,  nail-groove  ;  /,  homy  layer  of  e  projecUog  over  the  n^ ; 
g,  papilla  of  the  akin  on  the  bock  of  the  finger. 

the  lateral  and  posterior  edges  lie  in  a  deep  groove,  the  naU-groo»e  (Fig.  237,  e). 
The  choriiuQ  nnder  the  nail  is  covered  thronghout  its  entire  extent  by  longitudinal 
rows  of  papillce  (Fig.  227,  dj.  Above  this,  there  Uea,  aa  in  the  skin,  many  layers 
of  prickle  cells  like  those  in  tharete  Malpighii  (Fig.  223,  c)i  *ii^  above  this  again  is 
the  substance  of  the  nail  (Fig.  227,  a).  [The  Stratum  granolosum  is  rudimentary 
in  the  nail-bed.  The  substance  of  the  nail  represents  Uie  stratum  Incidnm,  there 
bong  no  stratum  comeum  (Klein)].  The  posterior  part  of  the  nail-groove  and  the 
half -moon,  brighter  part  or  bimiU,  form  the  root  of  the  naiL  They  are,  at  the  same 
time,  the  malria:,  from  which  growth  of  thenail  takes  place.  The  lunnle  is  present 
in  an  isolated  nail,  and  U  due  to  diminished  trtuuparency  of  the  posterior  part  of 
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the  haII,  owing  to  the  apMud  thickneM  and  uniform  diitribntioii  of  the  cells  of 

the  rate  Molpighii  (Toldt). 

Qrowth  of  the  Nail-— According  to  Vant,,  the  matrix  extends  to  the  front 
put  of  the  lunula.  The  nsil  growa  continiukllj  from  behind  forwards,  and  is 
fonned  by  kyera  lecrated  oi  formed  by  the  matrix.  Theie  layers  run  parallel  to 
the  surface  of  the  matrix.  They  run  obliquely  from  above  and  behind,  down- 
words  and  forwarde,  through  the  thickness  of  the  Babatanca  of  the  nail.  The  nail 
is  of  the  Borne  thicknesB  from  the  anterior  margin  of  the  lonnle  forwards  to  its 
free  margin.     Thus  the  noil  does  not  grow  in  thickness  in  this  region. 

In  the  coune  of  a  year  the  Angara  produce  about  2  gronunet  of  nail-anbitanae, 
and  relatively  more  in  summer  than  in  winter  (Moleschott,  Benecke). 

Developmest. — Umui  mskes  the  following  statements  regarding  the  develop- 
ment of  the  noils : — 1.  from  the  second  to  the  eighth  month  of  tcetal  life,  the 
position  of  the  nail  is  indicated  by  a  partial  but  marked  homy  condition  of  the 
«piderniia  on  the  back  of  tlie  first  phalanx,  the  "  tponyehiUTo."  The  remainder 
of  this  snbstonce  is  represented  during  life  by  the  normally  formed  epidermal 
layer,  which  separates  the  future  nail  from 
^^^^     -  the  surface  of  the  furrow.     2.  The  fiiture  nail 

/^  -  -  -  -         is  formed  nnder  the  eponychinm,  with  its  first 

noii-oells  stdll  in  front  of  the  noil-groove  {  then 
tbe  nail  grows  and  pushes  forward  towanls  the 
groove.  At  the  seventh  month,  the  nail  (itself 
covered  by  the  eponychium)  covers  the  whole 
'  .  extent  of  the  niul-bed.  3.  When,  at  a  later 
f/  'i^t~~''    P^""*^'  *''"  eponychinm  splits  off,  the  nail  is 

■^i"'      uncovered.    After  birth,  the  papillie  are  formed 
''  —  ^^  on  the  bed  of  the  noil,  while  simultaneously,  the 

^  'r'y      matrii  posses  backwards  to  the  most  posterior 

psrt  of  the  groove. 
The  whole  of  the  skin,  with  the  exception 
^'—  of  the  palmar  surface  of  the  hand,  sole  of  the 

foot,  dorsal  surface  of  the  third  phalanx  of  Uie 
fingers  and  toes,  outer  sur&ce  of  the  eyelids, 
\  glons  penis,  inner  sarfoca  of  the  prepuce,  and 

'''^^^■^ —  part  of  the  labia  is  covered  vrith  hairs,  which 

^  may  be  strong  or  fine  (lanugo)- 

'  The   Hair.-(Specific  gravity   r26)  is  fixed 

''S-  228.  by  its  lower  entreioity  (root)  in  a  depression  of 

Transverse  sectionof  a  hairbelow  the  skin  or  a  Imir-foUicU  (Fig.  223,  I,  p)  which 
the  level  of  the  neck  of  ahoir-  passes  obliquely  through  the  thickness  of  the 
follicle— a,  oater  librous  coot  skin,  sometimes  as  far  as  the  subcutaneous 
with  b,  sections  of  blood-ves-  tisane.  The  structure  of  a  hair-follicle  is  the 
sels;  e,  inner  circularly  div  following: — 1.  The  otiter  fibroia  fciyer'(Fig. 
posedlayer;  ci,  glass-like  layer;  223,  1,  and  Fig.  228),  composed  of  interwoven 
e,  outer; /,p,  inner  root-sheath;  bundles  of  connective-tissue  arranged  for  the 
/,  outer  loyer  of  the  some  most  port  longitudinally,  and  provided  with 
(Henle'ssheatb);  7,innerlaycr  numerous  blood-vessels  and  nerves.  [Itisjust 
of  the  some  (Huxley's  eheaUt);  tlie  connective-tissue  of  the  surrounding  chor- 
h,  cuticle;  I,  hur.  ium.]   2.Theiiinerjt6rousfajfer(Fig.  223,2,and 

Fig.  228)  consists  of  a  layer  of  fusiform  cells 
<?  smooth  muscular  fibres)  arranged  circularly.  [It  does  not  extend  throughout  tha 
whole  leugth  of  the  follicle.]  3.  Inside  this  layer  ia  a  transparent,  hyaline,  glaes-liix 
basement  membrone  t^ig.  223,  3,  and  Fig.  22S),  which  ends  at  the  neck  of  the 
hair-follicle;  while  above  it  is  continued,  as  the  basement  membrane  which  exists 
between  the  epidennis  and  chocium.    In  addition  to  these  coverings,  a  hair-foUide 
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has  epithdial  coverings  which  mtut  be  regarded  in  relation  to  the  layers  of  the 
epidermis.  Immediately  within  the  glass-like  membrane  Is  the  outer  root'sheath 
(Fig.  22Si,  4,  and  Figs.  1S28  and  229),  which  consists  of  so  many  layers  of  epithelial 
cells  that  it  forms  a  conspicuous  covering.  It  is,  in  fact,  a  direct  continuation  of  the 
Stratum  Malpighii,  and  consists  of  many  layers  of  soft  cells,  the  cells  of  the  outer 
layer  being  cylindrical.  Towards  the  base  of  the  hair-follicle  it  becomes  narrower, 
«nd  is  united  to,  and  continuous  with,  the  cells  of  the  root  of  the  hair  itself,  at 
least  in  fully-developed  hairs.  The  homy  layer  of  the  epidermis  continues  to  retain 
its  properties  as  far  down  as  the  orifice  of  the  sebaceous  follicle.  Below  this  point, 
however,  it  ia  continued  as  the  inner  root-shecUh.  This  consists  of  (1)  a  single 
layer  of  elongated,  flat,  homogeneous,  non-nucleated  cells  (Fig.  223,  6,  and  Fig. 
228,  f—JSenU^s  layer)  placed  next  and  within  the  outer  root-sheath.  Within  this 
lies  (2)  Huxley^B  layer  (Fig.  223,  5,  and  Fig.  228,  g)  consisting  of  nucleated  elon* 
gated  polygonal  cells  (Fig.  223,  a;,  and  3),  while  the  ciUide  of  the  hair-follicle  is 
composed  of  cells  analogous  to  those  of  the  surface  of  the  hair  itsel£  Towards 
the  bulb  of  the  hair  these  three  layers  become  fused  together. 

[Coverings  of  a  hair-follicle  arranged  from  without  inwards — 

1    F'h         1  /  (^)  Longitudinally  arranged  fibrous  tissue. 

'  1  {b)  Circularly  arranged  spindle  cells. 

2.  Glass-like  (hyaline)  membrane. 

f  {a)  Outer  root-sheath. 

3.  Epithelial  i  .,,  ^  ,      ,       f  Henle's  layer. 

layers,  i  <*)  ^«'  root^eath.    |.H„^ey's  layer. 

V.  (c)  Cuticle  of  the  hair. 

4.  The  hair  itself.] 

The  arrector  pili  muscle  (Fig.  223,  A)  is  a  fm-like  arrangement  of  a  layer 
of  smooth  muscular  fibres,  which  is  attached  below  to  the  side  of  a  hair-follicle  and 
extends  towards  the  surface  of  the  chorium ;  as  it  stretches  obliquely  upwards, 
it  subtends  the  obtuse  angle  formed  by  the  hair-follicle  and  the  surfjAce  of  the  skin 
[or,  in  other  words,  it  forms  an  acute  angle  with  the  hair-follicle,  and  between  it- 
and  the  follicle  lies  the  sebaceous  gland].  When  these  muscles  contract,  they  raise 
and  erect  the  hair-follicles,  producing  the  condition  of  cut%8  anserina  or  goose-skin^ 
As  the  sebaceous  gland  lies  in  the  angle  between  the  muscle  and  the  hair-follicle, 
contraction  of  the  muscle  compresses  the  gland  and  favours  the  evacuation  of  the 
sebaceous  secretion.    It  also  compresses  the  blood-vessels  of  the  papilla  (XJnna). 

llie  hair  with  its  enlarged  bulbous  extremity— Aatr-&i^&— sits  upon,  or  rather  it 
embraces  the  papilla.  It  consists  of— (1)  the  marrow  or  medulla  (Fig.  223,  t)  which 
is  absent  in  wooUy  hair  and  in  the  hairs  formed  during  the  first  years  of  life.  It 
consists  of  two  or  three  rows  of  cubical  ceUs  (H,  c).  (2)  Outside  this  lies  the 
thicker  oortea^  (A)  which  consists  of  elongated,  rigid,  homy,  fibrous  ceUs  (H,/,/), 
while  in  and  between  these  cells  lie  the  pigment  granules  of  the  hair.  (3)  The 
surface  of  the  hair  is  covered  with  a  cuUcU  (ib),  consisting  of  imbricated  layers  of 
non-nucleated  squames. 

Grey  Hair. — ^When  the  hair  becomes  grey^  as  in  old  age,  this  is  due  to  a  defec- 
tive formation  of  pigment  in  the  cortical  part.  The  silvery  appearance  of  white 
hair  is  increased  when  small  air-cavities  are  developed,  especiaUy  in  the  medulla 
and  to  a  less  extent  in  the  cortex,  where  they  reflect  the  light.  Landois  records 
a  case  of  the  hair  becoming  suddenly  grey,  in  a  man  whose  hair  became  grey  daring 
a  single  night,  in  the  course  of  an  attack  of  delirium  tremens.  Numerous  air- 
spaces were  found  throughout  the  entire  marrow  of  the  (blond)  hairs,  while  the 
hair-pigment  still  remained. 
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XtarelOpmuit  of  Hair.— According  to  EOlliker,  from  the  12th-13tii  week  of 
intra-Dterme  life,  solid  finger-like  prooessea  of  the  epidermis  ue  pnahed.  down 
into  the  ohorioin.  The  process  beoomea  fls^ed-ahaped,  <irtule  the  centntl  cell*  of 
the  cjlioder  become  elongatad  Aud  form 
ft  conical  body,  arising  aa  it  were,  from 
the  depth  of  the  Tec«M.  !t  becomes 
differentiated  into  un  inner  darker  port, 
which  becomea  the  haii,  and  into  a  thinner, 
dearer,  lajer  covering  the  former,  the 
inner  root-aheath.  The  onter  cells,  ie., 
those  lying  next  the  wall  of  the  aoc,  form 
the  onter  root-abeath.  Ontside  this  again, 
the  fibroua  tiiane  of  the  chorium  forms 
a  radimentar;  h^-follicle,  while  one  of 
the  papilla  grows  op  against  it,  indents  it, 
and  becomes  embraced  by  the  bulb  of  the 
hair.  This  is  the  hair  papilla  which  con- 
tains a  loop  of  blood-vessels.  The  cells 
of  the  bulb  of  the  htur  proliferate  rapidly 
and  thus  the  hair  grows  in  leogth.  Tbns 
the  point  of  the  hair  is  gradually  pnshed 
upwards,  pierces  the  inner  root-sheath 
and  passes  obliijaely  tbrongh  the  epider- 
mis. The  hairs  appear  upon  the  forehead 
at  the  19th  week;  at  the  23rd  to  2Sth 
week,  the  lanugo  hairs  appear  free,  and 
they  have  b  characteristic  arrangement  on 
different  parts  of  the  body. 

Fhyaical  Properties.— Hair  has  very 
considerable  elasticity  (stretching  to  0'33 
of  its  length),  considerable  cohesion  (carry- 
ing 3-5  lbs.),  resiBta  putrefaction  for  a  long 
time,  and  is  highly  hygroscoiiio.  The  last 
property  is  also  possessed  by  epidermal 
scales,  as  is  proved  by  the  pains  that 
occur  in  old  wounds  and  scars  during 
damp  weather. 

Growth  of  a  hair  occurs  by  proliferation 
of  the  cells  on  the  surfece  of  the  hair 
papilla,  these  cella  represeating  the  matrix 
of  the  hair.  Layer  after  layer  is  fonned, 
is  being  shed  [v.  Ebner)— a,  onter  and  gradually  the  hair  is  raised  higher 
and  middle  sheaths  of  hair-follicle;      within  its  follicle. 

h,  hyaline  membrane;  e,  hair  pa-         Chan^of  the  Hair, — The  results  are 

idlla,  with  loop   of  cajullary;   d,      by  no  means  uniform.     According  to  one 

outer,    e,    inner    root-sheath ;    /,      view,  when  the  hair  haa  reached  its  fidl 

cntiele  of  the  latter;  g,  cuticle  of     length,  the  process  of  formation  on  the 

the  hair ;  h,  young  non-medullatcd      aurf ace  of  the  hair  papilla  is  interrapted ; 

hair;  i,  tip  of  new  hair;   C,  hair-      the  root  of  the  hair   is  raised  from  the 

knob  of  the  shed  hair,  with  k,  the      papilla,  becomes  homy,   remsina   almost 

remainder   of    the    cast-off   outer      devoid  of  pigment,  and  is  gradually  more 

toot-sheath.  and  more  lifted  upwards  from  the  surface 

of   the   papilla,  while  ita   lower  bulbous 

■   end  becomes  split  op  like  a  brush.     The  lower  empty  part  (rf  the  hair-folUole 

beoomes  smaller,  while  on  the  old  papilla,  a  new  formation  of  a  hur  begins,  the 


Sectio 


Fig.  229. 

i  of  a  hair-follicle  while  a  hair 
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old  hnlr,  ftt  Uia  name  time  bUing  out  (Kttlliker,  C.  Lnnger).  Aocordlng  to  Stieda, 
the  old  papillk  diuppeara,  whils  >  oew  one  is  fonned  in  the  hair-follicle,  ukd  frun 
it  the  new  hair  ia  developed. 

According  to  Ootte,  in  addition  to  the  hair  which  gtowt  on  the  papilla,  other 
haiiB  developed  from  the  enter  root-sheath,  are  fonned  in  tlta  •one  hMi-fbllicla. 
Unna  ^ain  dEocribee  the  growth  and  change  ol  the  hair  differently.  He  believes 
that  each  hair  growa  for  a  time  from  the  sarfoce  of  the  papilla.  It  then  &eefi 
itKlf,  and  with  iti  brush-like  lower  end  or  bnlb  is  traraplanied  anew  on  the  onter 
root-sheath,  about  the  middle  of  the  haii-foUiole.  The  free  papilla  can  thus 
|m>dnce  a  new  hair,  which  may  even  grow  along  aide  the  former,  nutU  the  former 
&Us  out  New  receeses  with  new  papilln  are  formed  latterly  in  the  hair.fblliole, 
and  from  them  new  hairs  arise. 


285.  The  QIauds  of  the  Skin. 

The  aebauoiU  glands  (Fig  223,  I,.  T),  are  simple  acinous  glands  which 
open  by  a  doct  into  the  hur-fbllicles  of  large  hairs  near  their  upper  part ;  in  the 
case  of  small  hairt,  they  may  project  from 
the  duct  of  the  gland  <E^.  230).  In 
some  situations,  the  dncts  of  the  glands 
i^en  free  npou  the  snrfikce— «.i7.,  the 
glands  of  labia  minora,  glans,  prepnce 
(I^son's  glands),  and  the  red  margins 
of  the  lip&  The  largest  glands  occur  in 
the  nose  and  in  the  labia;  they  are  absent 
only  &om   the  vola  manns  and  planta 

The  oblong  alve<di  of  the  gland  consist 
of  a  basement  membrane  lined  with  small 
polyhedi'sl  nucleated  granular  secretory 
cells  (Fig.  223,  ().  Within  this  are  other 
polyhedral  cells,  whose  substance  contains 
numerous  oil-globules;  the  cells  become 
more  fstty  as  we  proceed  towards  the 
centre  of  the  alveoln*.  The  cells  lining 
the  dnct  are  continnons  with  those  of 
the  outer  root.sbeath.  The  detritus 
formed  by  the  tatty  metamorphosis  of  the 
cells  coDstituteB  U»  se&um  oi  Bobsoeous 
aecretion. 

[As  is  shown  in  Fig.  230,  the  sebaceous 
glutds  are  very  large  in  the  fcetue,  while 
the  lanugo  or  tetal  hair  is  rela^vely  very 
«mal]]. 

The  nreat-gUnds  (Fig.  223,  r,  k), 

called   ittdoriparoiu   glands.    Sebaceous  gland,   with  a  long  lanugo 
long  blind  tube,  whose  lower        hair— o,  granular  epithelium;  J,  rate 


Malpighii  continaons  with  a;  e,  fatty 
cells  and  free  fat,  the  contenta  of  the 
gland ;  rf,  aoini ;  e,  hidr-folliole,  with 


end  is  arranged  in  the  form  of  a  coil  placed 
in  the  areolar  tissue  under  the  skin,  while 
,  the  somewhat  smaller  upper  end  or  ex- 
crrtoiy  p<Miion,  winds  inavertical,  slightly 
wave-like  manner,  through  the  chorium, 
and  m  a  coric-sdew  or  spiral  manner  through  the  epidermis,  where  it  opens  with 
a  fnt,  somewhat  truOipet-shaped,  month.    The  glands  are  both  very : 
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Uzge  in  the  palm  of  the  hand,  sole  of  the  foot,  axilla,  forehead,  and  aioiuid  the 
nipple ;  few  on  the  back  of  the  trunk,  and  are  absoit  on  the  glans,  prepnee,  and 
margin  of  the  lips.  The  circumanal  glands  and  the  ceruminous  glands  of  the 
external  auditory  meatus,  and  Moll's  glands,  which  open  into  the  hair-follicles  of 
the  eyelashes,  are  modifications  of  the  sweat-glands. 

Each  gland-tuhe  consists  of  a  basement  membrane  lined  by  cells;  the  excretory 
part  or  sweat<anal  of  the  tube  is  lined  by  several  layers  of  cubical  cells,  whose 
snr&ce  is  covered  by  a  delicate  cuticnlar  layer,  a  small  central  lumen  being  left. 
Within  the  coil  the  structure  is  different.  The  first  part  of  the  coil  resemblee  the 
above,  but  as  the  coil  is  the  true  secretory  part  of  the  gland,  its  structure  differs 
from  the  sweat-canal.  This,  the  so-called  distal  portion  of  the  tube,  is  lined  by  a 
smgle  layer  of  clear  nucleated  cylindrical  epithelium  (Fig.  223,  S),  often  containing 
oil-globules  (Banvier).  Smooth  muscular  fibres  (Kdlliker)  are  arranged  longi- 
tudinally along  the  tube  in  the  large  glands  (Fig.  223,  S,  a.)  There  is  a  distinct 
lumen  present  in  the  tube.  As  the  duct  passes  through  the  epidermis,  it  winds 
its  way  between  the  epidermal  cells  without  any  independent  membrane  lining  it 
(Heynold).  A  net- work  of  capillaries  surroimds  the  coil.  Before  the  arteries  split 
up  into  capillaries,  they  form  a  true  rete  mirabile  around  the  coil  (Briicke).  This 
is  comparable  to  the  glomerulus  of  the  kidney,  which  may  also  be  regarded  as  a 
rete  mirabile  (p.  522).  Numerous  nerves  pass  to  form  a  plexus,  and  terminate  in 
the  glands  (Tomsa). 

The  total  namber  of  sweat-glands  is  estimated  by  Krause  at  2i  millions,  which 
gives  a  secretory  surface  of  nearly  1,080  square  metres.  These  glands  secrete  sweat. 
Nevertheless,  an  oily  or  fatty  substance  is  often  mixed  with  the  sweat.  In  some 
animals  (glands  in  the  sole  of  the  foot  of  the  dog,  and  in  birds),  this  oily  secretion 
is  very  marked. 

Lymphfttios. — ^Numerous  lymphatics  occur  in  the  cutis,  some  arise  by  a  blind 
end,  and  others  form  loops  within  the  papilla  on  a  plane  lower  than  the  vascular 
capillary.  [These  open  into  more  or  less  horizontal  net-works  of  tubular  lym- 
phatics in  the  cutis,  and  these  again  into  the  wide  lymphatics  of  the  subcutaneous 
tissue,  which  are  well  provided  with  valves.]  Special  lymphatic  spaces  are 
disposed  in  relation  with  the  hair-follicles  and  their  glands  (Neumann),  [and  also 
with  the  fat  (Klein).  The  lymphatics  of  the  skin  are  readily  injected  with  Berlin 
blue  by  the  puncture  method.] 

The  blood-vessels  of  the  skin  are  arranged  in  several  systems.  There  is  a 
superficial  system  from  which  proceed  the  capillaries  for  the  papillae.  There  is  a 
deeper  system  of  vessels  which  supplies  special  blood-vessels  to  (a)  the  fatty  tissue; 
(b)  the  hair-follicles,  each  of  which  has  a  special  vascular  arrangement  of  its  own, 
and  in  connection  with  this,  each  sebaceous  gland  receives  a  special  artery;  (c)  an 
artery  goes  also  to  each  coil  of  a  sweat-gland,  where  it  forms  a  dense  plexus  of 
capillaries  (Tomsa). 

286.  The  Skin  as  a  Protective  Covering. 

The  subcutaneous  fatty  tissue  fills  up  the  depressions  between  adjoining 
parts  of  the  body,  and  covers  projecting  parts,  so  that  a  more  rounded 
appearance  of  the  body  is  thereby  obtained.  It  also  acts  as  a  soft 
elastic  pad,  and  protects  delicate  parts  from  external  pressure  (sole  of 
the  foot,  palm  of  the  hand),  and  it  often  surrounds  and  protects  blood* 
vessels,  nerves,  &c  It  is  a  bad  conductor  of  heat,  and  thus  acts  as 
one  of  the  factors  regulating  the  radiation  of  heat  (§214,  II.,  4),  and^ 
therefore,  the  temperature  of  the  body.    The  epidermis  and  cutis  vera 
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also  act  in  the  same  manner  (§  212).  Elug  found  that^  the  heat  con- 
duction is  less  through  the  skin  and  subcutaneous  fatty  tissue  than 
through  the  skin  alone;  the  epidermis  conducts  heat  less  easily  than 
the  fat  and  the  chorium. 

The  solid,  elastic,  easily  movable  cutis  affords  a  good  protection 
against  external^  mechanical  injuries;  while  the  dry,  impermeable,  homy^ 
epidermis,  devoid  of  nerves  and  blood-vessels,  affords  a  further  pro- 
tection against  the  absorption  of  poisons,  and  at  the  same  time,  it  is 
capable  of  resisting  to  a  certain  degree,  thermal  and  even  chemical 
actions.  A  thin  layer  of  fatty  matter  protects  the  free  surface  of  the 
epidermis  from  the  macerating  action  of  fluids,  and  from  the  disin- 
tegrating action  of  the  air.  The  epidermis  is  important  in  connection 
with  the  fluids  of  the  body.  It  exerts  a  certain  pressure  upon  th& 
cutaneous  capillaries,  and,  to  a  limited  extent,  prevents  too  great 
diffusion  of  fluid  from  the  cutaneous  vessels.  Parts  of  the  skin 
robbed  of  their  epidermis  are  red  and  are  always  moist.  When  dry, 
the  epidennis  and  the  epidermal  appendages  are  bad  conductors  of 
electricity  (§  326).  Lastly,  we  may  say  that  the  existence  of  uninjured 
epidermis  prevents  adjoining  parts  from  growing  together.  « 


287.  Cutaneous  Respiration  and  Secretion- 
Sebum— Sweat. 

The  skin  with  a  surface  of  more  than  1^  square  metres  has  thd 
following  secretory  functions: — 

1.  The  respiratory  excretion; 

2.  The  secretion  of  sebaceous  matter;  and 

3.  The  secretion  of  sweat, 

1.  EeBpiration  by  the  Skin  has  been  referred  to  already  (§  131), 
The  organs  therein  concerned  are  the  tubes  of  the  sweat-glands, 
moistened  as  they  are  with  fluids,  and  surrounded  by  a  rich  net-work 
of  capillaries.  It  is  uncertain  whether  or  not  the  skin  gives  off  a  small 
amount  of  N  or  ammonia  (compare  p.  264).  Eohrig  made  experi- 
ments  upon  an  arm  placed  in  an  air-tight  metal  box.  According  to 
him,  the  amount  of  COg  and  HgO  excreted  is  subject  to  certain  daily 
variations ;  it  is  increased  by  digestion,  increased  temperature  of  the 
surroundings,  the  application  of  cutaneous  stimuli,  and  by  impeding 
the  pulmonary  respiration.  The  exchange  of  gases  also  depends  upon 
the  vascularity  of  certain  parts  of  the  skin,  while  the  cutaneous 
absorption  of  0  also  depends  upon  the  number  of  coloured  corpuscles 
in  the  blood. 

In  firoffs  and  other  amphilnans,  with  a  thin,  always  moist  epideimia,  the 
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cataneona  respiration  is  more  considerable  than  in  warm-blooded  animals.  In 
winter  frogs,  the  ftkin  alone  yields  }  of  the  total  amount  of  COg  excreted ;  in 
summer  frogs,  }  of  the  same  (Bidder);  thus,  in  these  animals  it  is  a  more  important 
respiratory  organ  than  the  lungs  themselves.  Suppreasion  of  the  cutcaieous  acUvUy 
— ^ff'i  by  varnishing  or  dipping  the  skin  in  oil—causes  death  by  asphyxia  sooner 
than  ligature  of  the  lungs. 

Vaxnishing  the  Skin. — ^When  the  skin  of  a  warm-blooded  animal  is  covered 
with  an  impermeable  varnish  [such  as  gelatin]  (Fourcault,  Becqnerel,  Breschet), 
death  occurs  after  a  time,  probably  owing  to  the  loss  of  too  much  heat.  The  for- 
mation of  crystalline  ammonio-magnesic  phosphate  in  the  cutaneous  tissues  of 
Auch  animals  (Edenhuizen),  is  not  sufficient  to  account  for  death,  nor  are  congestion 
of  internal  organs  and  serous  effusions  satisfactory  explanations.  The  retention  of 
the  volatile  substances  (acids)  present  in  the  sweat  is  not  sufficient  Strong 
animals  live  longer  than  feeble  ones;  horses  die  after  several  days  (Gerlach); 
they  shiver  and  lose  flesh.  The  larger  the  cutaneous  surSace  left  unvarnished,  the 
later  does  death  take  place.    Rabbits  die  when  ^  of  their  surfSftce  is  varnished. 

When  the  entire  surface  of  the  animal  is  varnished,  the  temperature  rapidly  £bl11b 
<to  19°),  the  pulse  and  respirations  vary  ;  usually  they  fall  when  the  varnishing 
process  is  limited;  increased  frequency  of  respiration  has  been  observed  (§  225). 

[In  extensive  bums  of  the  skin,  not  only  is  there  disintegration  of  the  coloured 
blood-corpuscles  (v.  Lesser),  but  in  some  cases  ulcers  occur  in  the  duodenum,  but 
the  cause  of  the  ulceration  has  not  been  ascertained  satisfactorily  (Curling).] 

2.  Sebaceous  Secretion. — The  fatty  matter  as  it  is  excreted  from 
the  acini  of  the  sebaceous  glands  is  fluid,  but  even  within  the  excretory 
duct  of  the  gland,  it  stagnates  and  forms  a  white  fat-like  mass,  which 
may  sometimes  be  expressed  (at  the  side  of  the  nose)  as  a  worm-like 
white  body,  the  so-called  comedo.  The  sebaceous  matter  keeps  the 
skin  supple,  and  prevents  the  hair  from  becoming  too  dry.  Micro- 
scopkally,  the  secretion  is  seen  to  contain  innumerable  fatty  granules, 
a  few  gland-cells  filled  with  fat,  visible  after  the  addition  of  caustic 
soda,  crystals  of  cholesterin,  and  in  some  men,  a  microscopic  mite-like 
animal  (Demodex  foUiculorumJ, 

Chemical  Composition' —The  constituents  are  for  tbe  most  ^Tt  fatty;  chiefly 
olein  (fluid)  and  palmitin  (solid)  fat,  soaps  and  some  cholesterin ;  a  smaU  amount  of 
albumin  and  unknown  extractives.  Amongst  the  inorganic  constituents,  the 
insoluble  earthy  phosphates  are  most  abundant ;  while  the  alkaline  chlorides  and 
phosphates  are  less  abundant. 

The  varniz  caseosa,  which  covers  the  skin  of  a  new-bom  child,  is  a  greasy 
mixture  of  sebaceous  matter  and  macerated  epidermal  cells  (containing  47*5 
p.c.  &t).  A  similar  product  is  the  emegma  pra^mHcdig  (52*8  p.c.  fat)  in  which 
an  ammonia  soap  is  present. 

The  cerumen  or  ear-wax  is  a  mixture  of  the  secretions  of  the  ceruminous 
glands  of  the  ear  (similar  in  structure  to  the  sweat-glands)  and  the  sebaoeous 
glands  of  the  auditory  canal.  Besides  the  constituents  of  sebum,  it  contains 
yellow  or  brownish  particles,  a  bitter  yellow  extractive  substance  derived  from 
the  ceruminous  glands,  potash  soaps  and  a  special  fat  (Berzelius).  The  secretion 
of  the  Meibomian  glands  is  sebum. 

3.  The  Sweat. — The  sweat  is  secreted  in  the  coil  of  the  sweat-glands. 
The  nuclei  of  the  secretory  celk  become  more  globular  during  the 
process  (Bubnoff)|  while  the  cells  themselves  (horse)  become  granular 
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(Benaut).  Ab  long  as  the  secretion  is  small  in  amount,  the  water 
secreted  is  evaporated  at  once  from  the  skin  along  with  the  volatile 
constituents  of  the  sweat;  as  soon  however  as  the  secretion  is  increased, 
or  evaporation  is  prevented,  drops  of  sweat  appear  on  the  surface  of 
the  skin.  The  former  is  called  insensible  perspiration,  and  the  latter 
sensible  perspiration.  The  amount  of  water  given  off  by  the  skin 
diminishes  from  morning  to  mid-day,  and  increases  again  towards 
evening.  The  skin  of  the  arm  secretes  more  than  that  of  the  leg 
(Janssen).     [Broadly,  the  quantity  is  about  2  lbs.  in  24  hours.] 

Method.— Sweat  is  obtained  from  a  man  by  placing  him  in  a  metallic  vessel 
in  a  warm  bath;  the  sweat  is  rapidly  secreted  and  collected  in  the  vessel.  In 
this  way  Favre  collected  2,560  granmies  of  sweat  in  li  hours.  An  arm  may  be 
inclosed  in  a  cylindrical  vessel,  which  is  fixed  air-tight  ronnd  the  arm  with  an 
elastic  bandage  (Schottin). 

Amongst  animalSy  the  horse  sweats,  so  does  the  ox,  but  to  a  less  extent;  the 
vola  and  planta  of  apes,  cats,  and  the  hedgehog  secrete  sweat;  the  snout  of  the  pig 
sweats  (?),  while  the  goat,  rabbit,  rat,  mouse,  and  dog  are  said  not  to  sweat 
(Luchsinger).  [The  skin  over  the  body  and  the  pad  on  the  dog's  foot  contain 
numerous  sweat-glands,  which  open  free  on  the  surface  of  the  ^d  and  into  the 
hair-follicles  on  the  general  surface  of  the  skin  (W.  Stirling).] 

Kicroscopically. — ^The  sweat  contains  only  a  few  epidermal  scales 
accidentally  mixed  with  it,  and  fine  fatty  granules .  from  the  sebaceous 
glands. 

Chemical  Composition. — Its  reaction  is  alkaline,  although  it  frequently 
i^  acid,  owing  to  the  admixture  of  fatty  acids  from  decomposed 
sebum!  During  profuse  secretion  it  becomes  neutral,  and  lastly 
alkaline  again  (Triimpy  and  Luchsinger).  The  sweat  is  colourless, 
slightly  turbid,  of  a  saltish  taste,  and  has  a  charactenstic  odour  varying 
in  different  parts  of  the  body;  the  odour  is  due  to  the  presence  of 
volatile  fatty  acids. 

The  constituents  are — water,  which  is  increased  by  copious  draughts 
of  that  fluid.  *  The  solids  amount  to  1*180  per  cent  (0*70-2*66  per  cent 
— Funke),  and  of  these  0*96  per  cent  is  organic  and  0*33  inorganic. 
Amongst  the  organic  constituents,  are  neutral  fats  (palmitin,  stearin), 
also  present  in  the  sweat  of  the  palm  of  the  hand,  which  contains  no 
sebaceous  glands  (Krause),  cholesterin,  volutile  fatty  acids  (chiefly  formic,, 
acetic,  butyric,  propionic,  caproic,  capric  acids),  varying  qualitatively 
and  quantitatively  in  different  parts  of  the  body.  These  acids  are 
most  abundant  in  the  sweat  first  (acid)  secreted.  There  are  also 
traces  of  albumin  (similar  to  casein),  and  urea  (Funke,  Picard),  about  0*1 
per  cent.  In  ursemic  conditions  (anuria  in  cholera),  urea  has  beea 
found  crystallised  on  the  skin  (Schottin,  Drasche).  When  the  secretion 
of  sweat  is  greatly  increased,  the  amount  of  urea  in  the  urine  is 
diminished  both  in  health  and  in  ursemia  (Leube).     The  nature  of  the 
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reddish  yellow  pigment,  which  is  extracted  from  the  residue  of  sweat 
by  alcoholi  and  coloured  green  by  oxalic  acid,  is  unknown.  Amongst 
inorganic  constituents,  those  that  are  easily  soluble  are  more  abundant 
than  those  that  are  soluble  with  difficulty,  in  the  proportion  of  17  to  1 
(Schottin) ;  sodium  chloride,  0*2 ;  potassium  chloride,  0'02 ;  sulphates^ 
O'Ol  per  1000,  together  with  traces  of  earthy  phosphates  and  sodium 
phosphate.  Sweat  contains  CO^  in  a  state  of  absorption  and  some  IT. 
When  decomposed  with  free  access  of  air,  it  yields  ammonia  salts 
(Gorup-Besanez). 

Excretion  of  Substances. — Some  Bubstancea  when  introduced  into  the 
body  reappear  in  the  sweat — benzoic,  cinnamic,  tartaric,  and  succinic  acids  are 
readUy  excreted ;  quinine  and  potassium  iodide  with  more  difficulty.  Mercuric 
chloride,  arsenious  and  arsenic  acids,  sodium  and  potassium  arseniate  have  also 
been  found.  After  taking  arseniate  of  iron,  arsenious  acid  has  been  found  in  the 
sweat,  and  iron  in  the  urine.  Mercury  iodide  reappears  as  a  chloride  in  the  sweat, 
while  the  iodine  occurs  in  the  saliva. 


288.  GonditioDS  Influencing  the  Secretion  of  Sweat. 

Inflnence  of  Nerves. 

The  secretion  of  the  skin,  which  averages  about  ^  of  the  body- 
weight — ie.,  about  double  the  amount  of  water  excreted  by  the  lungs — 
maybe  increased  or  diminished.  The  liability  to  perspire  varies  much  in 
different  individuals.  The  following  conditions  influence  the  secretion 
— 1.  Increased  temperature  of  the  surroundings  causes  the  skin  to 
become  red  with  profuse  secretion  of  sweat  (§214,11.,  1).  Cold,  as 
well  as  a  temperature  of  the  skin  about  50°C.,  arrest  the  secretion. 
2.  A  very  waiery  condition  of  the  blood — e.^.,  after  copious  draughts  of 
warm  water — ^increases  the  secretion.  3.  Increased  cardiac  and  vascular 
activity,  whereby  the  blood-pressure  within  the  cutaneous  capillaries  is 
increased,  has  a  similar  effect;  increased  sweating  follows  increased 
muscular  activity,  4.  Certain  drugs  (sudorifics)  favour  sweating — e.g., 
pilocarpin,  Calabar  bean,  strychnin,  picrotoxin,  muscarin,  nicotin, 
camphor,  ammonia  compounds — ^while  others,  as  atropin  and  morphia^ 
in  large  doses,  diminish  or  paralyse  the  secretion.  5.  It  is  important  to 
notice  the  antagonism  which  exists,  probably  upon  mechanical  grounds^ 
between  the  secretion  of  sweat,  the  urinary  secretion,  and  the 
evacuation  of  the  intestine.  Thus,  copious  secretion  of  urine  (e.g.,  in 
diabetes),  and  watery  stools  coincide  with  dryness  of  the  skin 
(Theophrastus). .  If  the  secretion  of  sweat  be  increased,  the  percentage 
of  salts,  urea  (Funke),  and  albumin  (Leube)  is  also  increased,  whilst 
the  other  organic  substances  are  diminished.    The  more  saturated  the 
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air  is  with  watery  vapoar,  the  sooner  does  the  secretion  appear  in  drops 
upon  the  skin,  while  in  dry  air  or  air  in  motion,  owing  to  the  rapid 
evaporation,  the  formation  of  drops  of  sweat  is  prevented,  or  at  least 
retarded. 

The  influence  of  nerves  upon  the  secretion  of  sweat  is  very  marked. 

L  As  in  the  secretion  of  saliva  (§145),  vaso-motor  nerves  are  usually 
in  action  at  the  same  time  as  the  proper  secretory  nerves;  the  vaso- 
dilator nerves  (sweating  with  a  red  congested  skin)  are  most  frequently 
involved.  The  fact  that  secretion  of  sweat  does  occasionally  take  place 
when  the  skin  is  pcUe  (fear,  death-agony)  shows  that,  when  the  vaso- 
motor nerves  are  excited,  so  as  to  constrict  the  cutaneous  blood-vessels, 
the  sweat-secretory  nerve-fibres  may  also  be  active. 

Under  certam  circumstanoes,  the  amovnt  of  blood  in  the  akin  seems  to  defcermine 
the  occurrence  of  sweating;  thos  Dnpuy  found  that,  section  of  the  cervical 
sympathetic  caused  secretion  on  that  side  of  the  neck  of  a  horse;  whUe  Nitzehiadel 
found  that,  percutaneous  electrical  stimulation  of  the  cervical  sympathetic  in  man, 
limited  the  sweating. 

IL  Secretory  nerves,  altogether  independent  of  the  circulation, 
control  the  secretion  of  sweat  Stimulation  of  these  nerves,  even  in  a 
limb  which  has  been  amputated  in  a  kitten,  causes  a  temporary  secretion 
of  sweat — ie,y  after  complete  arrest  of  the  circulation  (Groltz,  Kendall 
and  Luchsinger,  Ostroumow).  In  the  intact  condition  of  the  body, 
however,  profuse  perspiration,  at  all  events,  is  always  associated  with 
simultaneous  dilatation  of  the  blood-vessels  (just  as  in  stimulation  of 
the  facial  nerve,  an  increased  secretion  of  saliva  is  associated  with  an 
increased  blood-stream — §  145,  A,  I).  The  secretory  nerves  and  those 
for  the  blood-vessels  seem  to  lie  in  the  same  nerve-trunks. 

The  secretory  nerves  for  the  hind  limbs  (cat)  lie  in  the  sciatic  nerve. 
Luchsinger  found  that,  stimulation  of  the  peripheral  end  of  this  nerve 
caused  renewed  secretion  of  sweat  for  a  period  of  half-an-hour,  provided 
the  foot  was  always  wiped  to  remove  the  sweat  already  formed.  If  a 
kitten,  whose  sciatic  nerve  is  divided  on  one  side,  be  placed  in  a  chamber 
filled  with  heated  air,  all  the  three  intact  limbs  soon  begin  to  sweat, 
but  the  limb  whose  nerve  is  divided  does  not,  nor  does  it  do  so  when 
the  veins  of  the  limb  are  ligatured  so  as  to  produce  congestion  of  its 
blood-vessels,  [The  cat  sweats  only  on  the  hairless  soles  of  the  feet] 
As  to  the  course  of  the  secretory  fibres  to  the  sciatic  nerve,  some  pass 
directly  from  the  spinal  cord  (Vulpian),  some  pass  into  the  abdo- 
minal sympathetic  (Luchsinger,  Nawrocki,  Ostroumow),  through  the 
rami  communicantes  and  the  anterior  spinal  roots  from  the  upper  lumbar 
and  lower  dorsal  spinal  cord  (9th-13th  dorsal  vertebr» — cat)  where 
the  sweat-centre  for  the  lower  limbs  is  situated. 

The  Bweat-centre  may  be  excited  directly: — (1)  By  a  strongly  venous 
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condition  of  the  blood,  as  during  dyspnoea — e.g,,  in  the  secretion  of 
sweat  that  sometimes  precedes  death;  (2)  by  over-heated  blood  (45°C.) 
streaming  throngh  the  centre;  (3)  by  certain  poisons  (see  p.  606). 
The  centre  may  be  also  excited  rejkdyy  although  the  results  are 
variable — e.^.,  stimulation  of  the  crural  and  peroneal  nerves,  as  weU 
as  the  central  end  of  the  opposite  sciatic  nerve  excites  it  (Luchsinger). 
[The  pungency  of  mustard  in  the  mouth  may  excite  free  perspiration 
on  the  face.] 

Anterior  Extremity. — ^The  secretory  fibres  lie  in  the  ulnar  and 
median  nerves,  for  the  fore-limbs  of  the  cat;  most  of  them,  or  indeed 
all  of  them  (Nawrocki)  pass  into  the  thoracic  sympathetic  (Ggl. 
stellatum),  and  part  (1)  runs  in  the  nerve-roots  direct  from  the  spinal 
cord  (Luchsinger,  Yulpian,  Ott).  A  similar  sweat-centre  for  the  upper 
limbs  lies  in  the  lower  part  of  the  cervical  spinal  cord.  Stimulation 
of  the  central  ends  of  the  brachial  plexus  causes  a  reflex  secretion  of 
sweat  upon  the  foot  of  the  other  side  (Adamkiewicz).  At  the  same 
time  the  hind  feet  also  perspire. 

FathologicaL — Degeneration  of  the  motor  ganglia  of  the  anterior  horns  of  the 
spinal  cord  causes  loss  of  the  secretion  of  sweat,  in  addition  to  paralysis  of  the ' 
voluntary  muscles  of  the  trunk  (Erb,  Adamkiewicz,  Strauss,  Bloch). 

The  perspiration  is  increased  in  paralysed  as  well  as  in  oedematous  limbs.  In 
nephritis,  there  are  great  variations  in  the  amount  of  water  given  off  by  the  skin. 

Head. — ^The  secretory  fibres  for  this  part  (horse,  man,  snout  of 
pig)  lie  in  the  thoracic  sympathetic,  pass  into  the  ganglion  stellatum, 
and  ascend  in  the  cervical  sympathetic.  Percutaneous  electrical  stimu- 
lation of  the  cervical  sympathetic  in  man,  causes  sweating  of  that 
side  of  the  face  and  of  the  arm  (M.  Meyer).  In  the  cephalic  portion 
of  the  sympathetic,  some  of  the  fibres  pass  into,  or  become  applied  to, 
the  branches  of  the  trigeminus,  which  explains  why  stimulation  of 
the  infraorbital  nerve  causes  secretion  of  sweat.  Some  fibres,  however, 
arise  directly  from  the  roots  of  the  trigeminus  (Luchsinger),  and  the 
facial  (Vulpian,  Adamkiewicz).  Undoubtedly  the  cerebrum  has  a  direct 
efiTect  either  upon  the  vaso-motor  nerves  (p.  607, 1.)  or  upon  the  sweat- 
secretory  fibres  (II.),  as  in  the  sweating  produced  by  psychical  excite- 
ment (pain,  fear,  etc.). 

Adamkiewicz  and  Senator  foimd  that,  in  a  man  suffering  from  abscess  of  the 
motor  region  of  the  cortex  cerebri  for  the  arm,  there  were  spasms  and  x)erspiration 
in  the  arm. 

Sweat-centre. — ^According  to  Adamkiewicz,  the  medulla  oblongata 
contains  the  dominating  sweat<entre  (§  373 — ^Marm^,  Nawrocki).  When 
this  centre  is  stimulated  (Adamkiewicz)  in  a  cat,  all  the  four  feet  sweaty 
even  three-quarters  of  an  hour  after  death. 
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m.  The  neire-fibres  which  terminate  in  the  smooth  muscukar  fibres 
of  the  stoeat-glands  act  upon  the  excretion  of  the  secretion. 

[Changes  in  the  Cells  during  Secretion. — In  the  resting  glands  of 
the  horse,  the  cylindrical  cells  are  clear  with  the  nucleas  near  their 
attached  ends,  but  after  free  perspiration  they  become  granular,  and 
their  nucleus  is  more  central  (Benaut).] 

If  the  Bweat-nerves  be  divided  (cat),  injection  of  pilocarpin  causes  a  secretion 
of  sweat,  even  at  the  end  of  3  days.  After  a  longer  period  than  6  days,  there 
may  be  no  secretion  at  all.  This  observation  coincides  with  the  phenomenon  of 
dryness  of  the  skin  in  paralysed  limbs.  Dieffenbach  found  that,  transplanted 
portions  of  skin  first  b^an  to  sweat  when  their  sensibility  was  restored.  If  a 
motor  nerve  (tibial,  median,  facial)  of  a  man  be  stimulated,  sweat  appears  on  the 
skin  over  the  muscxdar  area  supplied  by  the  nerve,  and  also  upon  the  corresponding 
area  of  the  opposite  non-stimulated  side  of  the  body.  This  result  occurs  when 
the  circulation  is  arrested,  as  well  as  when  it  is  active.  Sensory  and  thermal 
stimulation  of  the  skin  always  cause  a  bilateral  reflex  secretion,  independently 
of  the  circulation.  The  area  of  sweating  is  independent  of  the  part  of  the  skia 
stimulated  (Adamkiewicz). 


289.  Pathological  Variations. 

1.  AnidroslB  or  dimimUion  of  the  secretion  of  sweat  occurs  in  diabetes  and 
the  cancerous  cachexia,  and  along  with  other  disturbances  of  nutrition  of  the 
skin,  in  some  nervous  diseases — e.g.,  in  dementia  paral3rtica;  in  some  limited 
regions  of  the  skin  it  haE  occurred  in  certain  tropho-neuroses — e.g.,  in  unilateral 
atrophy  of  the  face,  and  in  paralysed  parts.  In  many  of  these  cases,  it  depends 
upon  paralysis  of  the  corresponding  nerves  (Eulenburg)  or  their  spinal  stceat- 
centres  (pp.  607,  608). 

2.  Hyperidrosis  or  increase  of  the  secretion  of  sweat  occurs  in  easily  excitable 
persons,  in  consequence  of  the  irritation  of  the  nerves  concerned  (§  288)— e.^.^ 
the  sweating  which  occurs  in  debilitated  conditions  and  in  the  hysterical  (some- 
times on  the  head  and  hands),  and  the  so-called  epileptoid  sweats  (Eulenburg). 
Sometimes  the  increase  is  confined  to  one  side  qf  the  head  (H.  unilateralis). 
This  condition  is  often  accompanied  with  other  nervous  phenomena,  partiy  with 
the  symptoms  of  paralysis  of  the  cervical  sympathetic  (redness  of  the  face, 
narrow  pupil),  partly  with  symptoms  of  stimulation  of  the  sympathetic  (dilated 
pupil,  exophthalmos).  It  may  occur  without  these  phenomena,  and  is  due 
perhaps  to  stimulation  of  the  proper  secretory  fibres  alone. 

3.  Paridrosis  or  qualitative  changes  in  the  secretion  of  sweat,  6.^.,  the  rare  case 
of  '* sweating  o/hlood^*  {HasnuUohidrosis-^Th.  Bartholinus,  1654),  is  sometimes  uni- 
lateraL  According  to  Hebra,  in  some  cases  this  condition  represents  a  vicarious 
form  of  menstruation.  It  is,  however,  usually  one  of  many  phenomena  of  nervous 
afiections.  Bloody  sweat  sometimes  occurs  in  yellow  fever.  Bile-pigments  have 
been  found  in  the  sweat  in  jaundice;  blue  sweat  from  iudigo  (Bizio),  from  pyo- 
cyanin  (the  rare  blue  colouring  matter  of  pus),  or  from  phosphate  of  the  oxide  of 
iron  (Osc.  KoUmann)  are  extremely  rare.  Such  coloured  sweats  are  called 
ohromidrOBifl.  Bacteria  are  frequently  found,  both  in  normal  and  in  abnormal 
sweat,  in  yeUow,  blue,  and  red  sweat.  Orape-sugar  occurs  in  the  sweat  in 
diabetes  mellitus ;  uric  acid  and  cystin  very  rarely;  and  in  the  sweat  of  stinking  feet, 
leucin,  tyrosin,  valerianio  acid,  and  ammonia.  Stinking  sweat  (Bromldrosis)  ia 
due  to  the  decomposition  of  the  sweat,  from  the  presence  of  a  special  micro-organiam 


810  CUTANEOUS  ABSORPTION. 

(Bacterinm  foetidnm— Thin).  In  the  sweating  stage  of  ague,  bntyrate  of  lime  has 
been  fonnd,  while,  in  the  sticky  sweat  of  acute  articular  rheumatLsm,  there  is  more 
albumin  (Anselmino),  and  the  same  is  the  case  in  artificial  sweating  (Leabe) ;  lactic 
4icid  is  present  in  the  sweat  in  puerperal  fever. 

The  sebaceous  secretion  is  sometimes  increased,  constituting  gebOtrlUBay  which 
may  be  local  or  general.  It  may  be  diminished  {AsUatona  ctUis),  The  sebaceous 
glands  degenerate  in  old  people,  and  hence  the  glancing  of  the  skin  (R6my).  If 
the  ducts  of  the  glands  are  occluded,  the  sebum  accumulates.  Sometimes  the  duct 
is  occluded  by  black  particles,  or  ultramarine  (Uima)  from  the  blue  used  in  colour- 
ing the  linen.  When  pressed  out,  the  fatty  worm-shaped  secretion  is  caUed 
<*  comedo," 


290.  Cutaneous  Absorption— Qalvanic  Conduction. 

After  long  immersion  in  water,  the  superficial  layers  of  the  epidermis 
become  moist  and  swell  up.  The  skin  is  unable  to  absorb  any  sub- 
stances, either  salts  or  vegetable  poisons,  from  watery  solviions  of  these. 
This  is  due  to  the  fat  normally  present  on  the  epidermis  and  in  the  pores 
of  the  skin.  If  the  fat  be  removed  from  the  skin  by  alcohol,  ether,  or 
chloroform,  absorption  may  occur  in  a  few  minutes  (Parisot).  According 
to  Eohrig,  all  volatile  substances,  eig,,  carbolic  acid  and  others,  which  act 
upon  and  corrode  the  epidermis,  are  capable  of  absorption. 

When  ointments  are  rubbed  into  the  skin,  so  as  to  press  the  substance 
into  the  pores,  absorption  occurs,  e,g,,  potassium  iodide  in  an  ointment 
«o  rubbed  in  is  absorbed,  so  is  mercurial  ointment,  v.  Yoit  found  globules 
of  mercury  between  the  layers  of  the  epidermis,  and  even  in  the 
ohorium  of  a  person  who  was  executed,  into  whose  skin  mercurial 
ointment  had  been  previously  rubbed.  The  mercury  globules,  in  cases  of 
mercurial  inunction,  pass  into  the  hair-follicles  and  ducts  of  the  glands, 
where  they  are  afiected  by  the  secretion  of  the  glands,  and  transformed 
into  a  compound  capable  of  absorption.  An  abraded  or  inflamed  surface 
(e.g.y  after  a  blister),  where  the  epidermis  is  removed,  absorbs  very 
rapidly,  just  like  the  surface  of  a  wound. 

Gkuses. — ^Under  normal  conditions,  minute  traces  of  0  are  absorbed 
from  the  air;  hydrocyanic  acid,  sulphuretted  hydrogen — CO,  COg,  the 
vapour  of  chloroform  and  ether  may  be  absorbed  (Chaussier,  Grerlach, 
Eohrig).  In  a  bath  containing  sulphuretted  hydrogen,  this  gas  is 
absorbed,  while  COg  is  given  off  into  the  water  (Eohrig). 

Absorption  of  watery  solutions  takes  place  rapidly  throngh  the  skin  of  i}i%  frog 
<Gattmann,  W.  Stirling,  v.  Wittich).  Even  after  the  circulation  is  exdnded  and 
the  central  nervous  system  destroyed,  much  water  is  absorbed  through  the  skin  of 
the  frog,  but  not  to  such  an  extent  as  when  the  circulation  is  intact  (Spina). 

Oalvanic  Conduction  throngh  the  Skin. —If  the  two  electrodes  of  a  cmstaivt 

current  be  impregnated  with  a  watery  solution  of  certain  substances  and  applied  to 
the  skin,  and  if  the  direction  of  the  current  be  changed  from  time  to  time,  Btryohnin 
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may  be  caused  to  pass  through  the  Bkin  of  a  rabbit  in  a  few  minntes,  and  that  in 
sufficient  amount  to  kill  the  animal  (H.  Monk).  In  man,  quinine  and  potassium 
iodide  have  been  introduced  into  the  body  in  this  way,  and  their  presence  detected 
In  the  urine.  This  process  is  called  the  ecUaphoric  fiction  of  the  constant  current 
<§  328). 

291.  Comparative— Historical. 

In  all  vertebrates,  the  skin  consists  of  chorium  and  epidermis.  In  some 
reptiles,  the  epidermis  becomes  homy,  and  forms  large  plates  or  scales.  Similar 
structures  occur  in  the  edentata  amongst  mammals.  The  epidermal  appendages 
assume  various  forms — such  as  hair,  nail,  spines,  bristles,  feathers,  claws,  hoo^ 
horns,  spurs,  &c.  The  scales  of  some  fishes  are  partly  osseous  structures.  Many 
glands  occur  in  the  skin ;  in  some  amphibia  they  secrete  mucus,  in  others  the 
secretion  is  poisoDous.  Snakes  and  tortoises  are  devoid  of  cutaneous  glands ;  in 
lizards  the  "leg-glands  **  extend  from  the  anus  to  the  bend  of  the  knee.  In  the 
crocodile,  the  glands  open  under  the  margins  of  the  cutaneo-osseous  scales. 

In  birds,  the  cutaneous  glands  are  absent ;  the  "  coccygeal  glands "  form  an 
oily  secretion  for  lubricating  the  feathers.  The  civet  glands^  at  the  anus  of  the  civet 
cat,  the  preputial  glands  of  the  musk  deer,  the  glands  of  the  hare,  and  the  pedal  glands 
of  ruminants,  are  really  greatly  developed  sebaceous  glands.  In  some  invertebrata, 
the  skin  oonsiBting  of  epidermis  and  chorium,  is  intimately  united  with  the  sub- 
jacent musdes,  forming  a  musculo-cutaneous  tube  for  the  body  of  the  animaL 
The  cephalopoda  have  chronuUopkores  in  their  skin,  i.e.,  round  or  irregular  spaces 
filled  with  coloured  granules.  Muscular  fibres  are  arranged  radially  around  these 
spaces,  so  that  when  these  muscles  contract  the  coloured  surface  is  increased.  The 
change  of  colour  in  these  animals  is  due  to  the  play  or  contraction  of  these  muscles 
(Briicke).  Special  glands  are  concerned  in  the  production  of  the  shells  of  the  snail. 
The  anntdoM  are  covered  with  a  chitinous  investment  (p.  608),  which  is  continued 
for  a  certain  distance  along  the  digestive  tract  and  the  tracheae.  It  is  thrown  off 
when  the  animal  sheds  its  covering.  It  not  only  protects  the  animal,  but  it 
forms  a  structure  for  the  attachment  of  muscles.  Li  echinodermata,  the  cutaneous 
covering  contains  calcareous  masses ;  in  the  holothurians,  the  calcareous  struc- 
tures assume  the  form  of  calcareous  spicules. 

HistoricaL— Hippocrates  (bom  460  b.c.)  and  Theophratus  (bom  371  b.c.)  dis- 
tinguished the  perspiration  from  the  sweat;  and,  according  to  the  latter,  the 
secretion  of  sweat  stands  in  a  certain  antagonistic  relation  to  the  urinary  secretion 
and  to  the  water  in  the  faeces.  According  to  Cassius  Felix  (97  a.d.),  a  person 
placed  in  a  bath  absorbs  water  through  the  skin ;  Sanctorius  (1614)  measured  the 
amount  of  sweat  given  off;  Alberti  (1581)  was  acquainted  with  the  hair-bulb; 
Donatus  (1588)  described  hair  becoming  grey  suddenly ;  Riolan  (1626)  showed 
that  the  colour  of  the  skin  of  the  negro  was  due  to  the  epidermis. 


Physiology  of  the  Motor  Apparatus* 


292.  Ciliary  Motion. 

(a.)  Mascnlar  Movement — By  far  the  greatest  number  of  the  move* 
ments  occorring  in  our  bodies  is  accomplished  through  the  agency 
of  muscular  fibre,  which,  when  it  is  excited  by  a  stimulus,  contracts — 
1.6.,  it  forcibly  shortens  and  thus  brings  its  two  ends  nearer  together, 
while  it  bulges  to  a  corresponding  extent  laterally.  In  muscle,  the 
contraction  takes  place  in  a  definite  direction. 

(h,)  Amoeboid  Movement — ^Motion  is  also  exhibited  by  colourless 
blood-corpusdes,  lymph-corpuscles,  leucocytes,  and  some  other  cor- 
puscle&  In  these  structures  we  have  examples  of  amoeboid  movement 
(§  9),  which  is  movement  in  an  indefinite  direction. 

[(c.)  Ciliaxy  Movement. — ^There  is  also  a  peculiar  form  of  movement, 
known  as  cUiary  movement.  There  is  a  gradual  transition  between  these 
different  forms  of  movement  The  cUia  which  are  attached  to  the 
ciliated  epithelium  (Fig.  97,  &)  are  the  motor  agents.  Ciliated  epithelium 
is  widely  distributed  in  the  body,  amongst  others  in  the  following  situa- 
tions:— ^In  the  nasal  mucous  membrane,  except  the  olfactory  region;  the 
cavities  accessory  to  the  nose ;  the  upper  half  of  the  pharynx.  Eustachian 
tube,  larynx,  trachea  and  bronchi;  in  the  uterus,  except  the  lower  half 
of  the  cervix;  Fallopian  tubes,  vasa  efferentia  to  the  lower  end  of 
epididymis;  ventricles  of  brain  (child),  and  the  central  canal  of  the 
spinal  cord.] 

[The  cilia  are  flattened  blade-like  or  hair-like  appendages  attached 
to  the  free  end  of  the  cells.  They  are  about  ^ooo  inch  in  lengthy 
and  are  apparently  homogeneous  and  structureless.  They  are  planted 
upon  a  clear  non-contractile  disc  on  the  free  end  of  the  cell,  and  some 
observers  state  that  they  pass  through  this  disc  to  become  continuous 
with  the  protoplasm  of  the  cell,  or  with  the  plexus  of  fibrils  which 
pervades  the  protoplasm,  so  that  by  some  observers  (Klein)  they  are 
regarded  as  prolongations  of  the  intra-epithelial  plexus  of  fibrils.  They 
are  specially  modified  parts  of  an  epithelial  ceU,  and  are  contractile  and 
elastic.  They  are  colourless,  tolerably  strong,  and  are  not  stained  by 
staining  reagents,  and  are  possessed  of  considerable  rigidity  and 
flexibility.  They  are  always  connected  with  the  protoplasm  of  ceUs, 
and  are  never  out-growths  of  the  solid  cell  membranes.    There  may 
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be  10-20  cilia  distributed  unifbrmly  on  the  free  surface  of  a  cell 
(Kg.  97).] 

[Ciliary  motion  may  be  studied  in  the  gill  of  a  mussel^  a  small  part  of 
the  gill  being  teased  in  sea  water;  or  the  hard  palate  of  a  frog,  newly 
killed,  may  be  scraped  and  the  scraping  examined  in  salt  solution.  On 
analysing  the  movement)  all  the  cilia  will  be  observed  to  execute  a  regular, 
periodic,  to  and  fro  rhythmical  movement  in  a  plane  usually  vertical  to 
the  surface  of  the  cells,  the  direction  of  the  movement  being  parallel  to 
the  long  axis  of  the  organ.  The  appearance  presented  by  the  move- 
ments of  the  cilia  is  sometimes  described  as  a  lashing  movement,  or 
like  a  field  of  com  moved  by  the  wind.  Each  vibration  of  a  cilium 
consists  of  a  rapid  forward  movement  or  flexion,  the  tip  moving  more 
than  the  base,  and  a  slower  backward  movement,  the  cilium  again 
straightening  itself.  The  forward  movement  is  about  twice  as  rapid  as 
the  backward  movement  The  amplitude  of  the  movement  varies 
according  to  the  kind  of  cell  and  other  conditions,  being  less  when  the 
cells  are  about  to  die,  but  it  is  the  same  for  all  the  cilia  attached  to  one 
cell,  and  is  seldom  more  than  20^-50°.  There  is  a  certain  periodicity 
in  their  movement — in  the  frog  they  contract  about  12  times  per 
second  (Engelmann).  The  result  of  the  rapid  forward  movement  is 
that  the  surrounding  fluid,  and  any  particles  it  may  contain,  are  moved 
in  the  direction  in  which  the  cilia  bend.  All  the  cilia  of  adjoining  cells 
do  not  move  at  once,  but  in  regular  succession,  the  movement  travelling 
from  one  ceU  to  the  other,  but  how  this  co-crdination  is  brought  about 
we  do  not  know.  At  least  it  is  quite  independent  of  the  nervous 
system,  as  ciliary  movement  goes  on  in  isolated  cells,  and  in  man  it  has 
been  observed  in  the  trachea  two  days  after  death.] 

[A  ciliated  epithelial  cell  is  a  good  example  of  the  physiological  division  of 
labonr.  It  is  derived  from  a  cell  which  originaUy  held  motor,  automatic,  and 
nutritive  functions  aU  combined  in  one  mass  of  protoplasm,  but  in  the  fnUy 
developed  cell,  the  nutritive  and  regulative  functions  are  confined  to  the  protoplasm, 
while  the  cilia  alone  are  contractile.  If  the  cilia  be  separated  from  the  cell,  they 
no  longer  move.  If,  however,  a  cell  be  divided  so  that  part  of  it  remains  attached 
to  the  dlia,  the  latter  still  move.  The  nucleus  is  not  essential  for  this  act.  I  b  would 
seem,  therefore,  that  though  the  cilia  are  contractile,  the  motor  impulse  probably 
proceeds  from  the  cell.  Each  ceU  can  regulate  its  own  nutrition,  for  during  lif» 
they  resist  the  entrance  of  certain  coloured  fluids.] 

[Conditions  for  Movement — In  order  that  ciliary  movement  may  go 
on  it  is  essential  that— (1)  the  cilia  be  connected  with  part  of  a  cell  > 
(2)  moisture;  (3)  oxygen  be  present;  and  (4)  the  temperature  is 
within  certain  limits.] 

[Effect  of  Reagents, — Gentle  heai  accelerates  the  number  and  intensity  of  the 
movements,  cold  retards  them.  A  temperature  of  45**C.  causes  coagulation  of  their 
protdds,  makes  them  permanently  rigid,  and  kills  them,  just  in  Uie  same  way  aa 
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it  acts  on  mnscle  (p.  631),  causing  beat-Btiffening.  Weak  alkalies  may  cause  them 
to  contract  after  their  movement  is  arrested  or  nearly  so  (Virchow),  and  any 
current  of  fluid  in  fact  may  do  so.  Lister  showed  that  the  vapour  of  ether  and 
chloroform  arrests  the  movements  as  long  as  the  narcosis  lasts,  but  if  the  vapour 
be  not  applied  for  too  long  a  time,  the  cilia  may  begin  to  move  again.  The  pro- 
longed action  of  the  vapour  kills  theuL  As  yet  we  do  not  know  any  specific 
poison  for  cilia;  atropin,  veratrin,  and  curara  acting  like  other  substances  with  the 
Bame  endosmotic  equivalent  (Engelmann).] 

[Functions  of  Cilia. — ^The  moving  cilia  propel  fluids  or  particles  along 
the  passages  which  they  line.  By  carrying  secretions  along  the  tubes 
which  they  line  towards  where  these  tubes  open  on  the  surface,  they 
aid  in  excretion.  In  the  respiratory  passages,  they  carry  outwards  along 
the  bronchi  and  trachea  the  mucus  formed  by  the  mucous  glands  in 
these  regions.  When  the  mucus  reaches  the  larynx  it  is  either 
swallowed  or  coughed  up.  That  the  cilia  carry  particles  upwards  in 
a  spiral  direction  in  the  trachea  has  been  proved  by  actual  laryngoscopic 
investigation,  and  also  by  excising  a  trachea  and  sprinkling  a  coloured 
powder  on  its  mucous  membrane,  when  the  coloured  particles  (Berlin 
blue  or  charcoal)  are  slowly  carried  towards  the  upper  end  of  the 
trachea.  In  bronchitis  the  ciliated  epithelium  is  shed,  and  hence  the 
mucus  tends  to  accumulate  in  the  bronchi  They  remove  mucus  from 
cavities  accessory  to  the  nose,  and  from  the  tympanum,  while  the  ova  are 
carried  partly  by  their  agency  from  the  ovary  along  the  Fallopian  tube 
to  the  uterus.  In  some  of  the  lower  animals  they  act  as  organs  of 
locomotion,  and  in  others  as  adjuvants  to  respiration,  by  creating 
currents  of  water  in  the  region  of  the  organs  of  respiration.] 

[The  Force  of  Ciliary  Movement. — Wyman  and  Bowdltch  found  that  the 
amount  of  work  that  can  be  done  by  cilia  is  very  considerable.  The  work  was 
estimated  by  the  weight  which  a  measured  surface  of  the  mucous  membrane  of  the 
frog's  hard  palate  was  able  to  carry  up  an  inclined  plane  of  a  definite  slope  in  a 
given  time.] 

292a.  Structure  and  Arrangement  of  the  Muscles. 

[Muscles  are  endowed  with  contractility,  so  that  when  they  are  acted 
upon  by  certain  forms  of  energy  or  stimuli,  they  contract.  There  are 
two  varieties  of  muscle — 

(1.)  Striped,  striated  or  (voluntary); 

(2.)  Non-striped,  smooth,  organic  or  (involuntary). 

Some  muscles  are  completely  under  the  control  of  the  will,  and  are 
hence  called  '' voluntary"  and  others  are  not  directly  subject  to  the  con- 
trol of  the  will,  and  are  hence  called  ^^involuntary;"  the  former  are 
for  the  most  part  striped,  and  the  latter  non-striped ;  but  the  heart- 
muscle,  although  striped,  is  an  involuntary  muscle.] 
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1.  Striped  (Volontaiy)  Hnscles. — ^The  aarface  of  a  tnnBcle  is  covered 
■with  a  connective-tissae  envelope  or  pmmymm  txUmum,  from  vhich 
septa,  carrying  blood-vesselB  and  nerves,  the  jxuitni/sium  inieraum  pasa 
into  the  snbetance  of  the  mnscle,  bo  as  to  divide  it  into  bundles  of  fibres 
otfascicuii,  which  are  fine  in  the  eye-mnscles  and  coarse  in  the  glutei 
In  each  snch  compartment  or  mesh,  there  lies  a  number  of  muscular 
fbres  arranged  more  or  less  parallel  to  each  other.  [The  fibres  are  held 
together  by  delicate  connective-tiasae  or  endomysium,  which  surrounds 
groups  of  the  fibres ;  each  fibre  being,  as  it  were,  separated  from  its 


Kg.  231. 
Histology  of  miuciil&r  tisene — I,  diagram  of  part  of  &  Btriped  mnacnlar  fibre;  S, 
■arcolemma;  Q,  tnuiaverse  atripea;  F,  fibrillEe;  E,  the  mil  scalar  nDclei;  N,  % 
nerre-tibre  entarmg  it  with  a,  its  axis  cylinder  and  Euhne's  motorial  end- 
plate,  e,  seen  in  profile;  2,  traniverae  sectioa  of  part  of  a  mnacular  fibre, 
BhowingCohnhmm'sareaB,  e;  3,  iaoUtad  muscular  fibrillie;  4,  partof  oniusect'a 
mnocle  greatly  magnified ;  a,  BLraoae-Amici's  line  limiting  tbe  musoulor  cases ; 
h,  the  dovbljr-refntctiTe  mbatonce;  c,  Henien'a  diac;  d,  the  aingly-refractive 
■nbatMicei  6,  fibre  cleaving  tnuiBTerBelf  into  discs;  6,  mnacular  fibre  from 
the  heart  of  a  frog ;  7.  development  of  a  striped  muscle,  from  a  human  fcetng 
at  the  third  month;  S,  S,  muscnkr  fibres  of  tbe  heart;  e,  capillariet;  h,  con- 
nective-tissae  oorpnsclea;  10,  smooth  moscnlai  fibres;  11,  transverse  aoction 
of  unooth  ranicnlai  fibrei. 
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naghbonr  by  excessiYely  delicate  fibrillar  connectiYe-tissae.]  Each  mns^ 
«olar  fibre  is  sorroimded  with  a  rich  plexus  of  capiUaries  [which  f oim 
jm  elongated  mesh-work,  lying  between  adjacent  fibres,  but  never  pene- 
trating the  fibres  which,  however,  they  cross  (Fig.  234).  In  a  contracted 
muscle,  the  capillaries  may  be  slightly  sinuous  in  their  course,  but 
'when  a  muscle  is  on  the  stretch  these  curves  disappear.  The  capillaries 
lie  in  the  endomysium,  and  near  them  are  lymphaiics.]  Each  muscular 
fibre  receives  a  nerve-fibre.  [Striped  muscular  fibres  occur  in  the 
skeletal  muscles,  heart,  diaphragm,  pharynx,  upper  part  of  oesophagus, 
muscles  of  the  middle  ear  and  pinna,  the  true  sphincter  of  the  urethra^ 
and  external  anal  sphincter.] 

A  muscular  fibre  (Fig.  231,  1)  is  a  more  or  less  cylindrical  or 
polygonal  fibre,  11-67  fi  [y^  to  ^^  in.]  in  diameter,  and  never  longer 
than  3-4  centimetres  [1-1^  in.]  (Rollett).  Within  short  muscles,  e.g., 
stapedius,  tensor  tympani,  or  the  short  muscles  of  a  frog,  the  fibres  are 
as  long  as  the  muscle  itself;  within  longer  muscles,  however,  the 
individual  fibres  are  pointed,  and  are  united  obliquely  by  cement- 
substance  with  a  similar  bevelled  or  pointed  end  of  another  fibre  lying 
in  the  same  direction.  Muscular  fibres  may  be  isolated  by  maceration 
in  nitric  acid  with  excess  of  potassic  chlorate  (Budge),  or  by  a  35  per 
cent,  solution  of  caustic  potash  (Moleschott). 

[Each  muscular  fibre  consists  of  the  following  parts  : — 

1.  Sarcolemma,  an   elastic  sheath,  with  transverse  partitions 

stretching  across  the  fibre  at  regular  intervals — ^the 
membranes  of  Krause; 

2.  The  included  sarcaus  substance; 

3.  The  nuclei  or  muscle-corpuscles.] 

Sarcolemma. — ^Each  muscular  fibre  is  completely  enclosed  by  a  colour- 
less, structureless,  transparent  elastic  sheath  (Fig.  231,  1,  S),  which, 
chemically,  is  midway  between  connective-  and  elastic-tissue,  and  within 
it  is  the  contractile  substance  of  the  muscle.  [It  has  much  more  cohesion 
than  the  sarcous  substance  which  it  encloses,  so  that  sometimes,  when 
teasing  fresh  muscular  tissue  under  the  microscope,  we  may  observe  the 
sarcous  substance  torn  across,  with  the  unruptured  sarcolemma  stretching 
between  the  ends  of  the  ruptured  sarcous  substance.  If  muscular  fibres 
be  teased  in  distilled  water,  sometimes  fine  clear  blebs  are  seen  along 
the  course  of  the  fibre,  due  to  the  sarcolemma  being  raised  by  the  fluid 
diffusing  under  it.  The  sarcous  substance,  but  not  the  sarcolenmia, 
may  be  torn  across  by  plunging  a  muscle  into  water  at  55°C.  and 
Icseping  it  there  for  some  time  (Banvier).] 

Stripes. — ^The  sarcous  substance  is  marked  transversely  by  alternate 
light  and  dim  layers,  bands,  stripes,  or  discs  (Fig.  231, 1,  Q),  so  that  each 
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fibre  is  said  to  be  "transMrseli/  striped"  (van  Leeuweoboek,  1679).  [The 
stripes  do  not  occur  in  tbe  saicolemma,  but  are  confined  to  the  sarcous 
sabetance,  and  they  inyolve  its  whole  thickness.] 

[Tho  «.niwi»lii  mort  soiled  for  studying  the  rtmctnre  of  the  Muvona  nibstuice  km 
■ome  of  the  insecta.  Tlie  mnacleB  of  the  w&tei^beetle  (_J}ytiaeiit  marginaiU),  and  tha 
Bydropkiltu  piceta  are  well  snited  for  this  pnrpoae.  So  u  the  crab's  mnacle.  In 
exuniniog  a  living  mnsole  microecopically,  no  fluid  except  the  moscle- juice  should 
be  mdded  to  the  prep«nitioii,  Mid  very  high  powers  of  the  miorampe  are  reqtiir«d 
to  m«ke  oat  the  finer  details.] 

Bowman's  DIbcb.— If  a  mnscular  fibre  be  subjected  to  the  action  of 
hydrochloric  acid  (1  per  1,000),  or  if  it  be  digested  by  gastric  juice,  or 
if  it  be  frozen,  it  tends  to  cleave  transversely  into  discs  (Bowmaji), 
which  are  artificial  products,  and  resemble  a  pile  of  coins  which  has 
been  knocked  over  (Fig.  331,  5). 

FibrillEB. — Undercertain  circumstances,  a  fibre  may  exhibit  Vmg^udinal 
elriaium.  This  is  due  to  the  fact  that  it  may  be  split  up  longitudinally 
into  an  immense  number  of  (I-I'J  fi  in 
diameter)  fine,  contractile  threads,  the 
jnimiiive  fibrilke  (Fig.  231,  1,  F),  placed 
side  by  side  (van  Leeuwenhoek),  each  of 
which  is  also  transversely  striped,  and 
they  are  so  united  to  each  other  by  semi- 
fluid cement-substance  that,  the  trans- 
veise  markings  of  all  the  fibrilke  lie  at 
(he  same  level  These  fibrillfe,  owing  to 
mutual  pressure,  are  prismatic  in  form, 
80  that  when  a  transverse  section  of  a 
perfectly  fresh  muscular  fibre  is  observed 
after  it  is  frozen,  the  end  of  each 
fibre  is  mapped  out  into  a  number  of 
small  polygonal  areas  called  Cohnheim's 
areas  (Fig.  231,  2).  Fibrilbe  are  easily 
obtidned  from  insects'  muscles,  while 
those  from  a  mammal's  muscle  are  readily 
isolated  by  the  action  of  dilute  alcohol, 
Muller's  fluid  [or,  best  of  all,  i  per  cent. 
solution  of  chromic  acid]  (Fig.  231,  3). 

[When  a  living  unaltered  muscular  fibre  is  examined  microscopically, 
in  its  own  juice,  we  observe  the  alternate  dim  and  light  transverse 
discs.  A  high  power  reveals  the  presence  of  a  line  running  across  the 
light  disc  (Fig.  232),  and  dividing  it  into  two.  It  has  been  called. 
Dobie'e  line  (Ratberford),  and  by  others  it  is  regarded  as  due  to  the 
existence  of  a  membrane,  called  Krausi's  mernbrane,  which  runs  tiaos- 


Fig.232, 
PorUim  of  a  hunun 
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versely  across  the  fibre,  being  attached  all  round  to  the  saicolemma^ 
thus  dividing  each  fibre  into  a  series  of  compartments  placed  end  to  end. 

These  muscular  compartments  contain  the  sarcous  substance,  and 
in  each  compartment  we  find  (1)  a  broad  dim  disc,  which  is 
the  ecmtraciUe  part  of  the  sarcous  substance.  It  is  doubly  refractiye 
(anisotropous),  and  is  composed  of  Bowman's  sarcous  elements.  On  each 
end  of  this  disc,  and  between  it  and  Erause's  membranes  is  a  narrower,, 
clear,  homogeneous,  and  but  singly  refractile  (isotropous),  soft  or  fluid 
substance,  which  forms  the  latercd  disc  of  Engelmann.  In  some  insects 
it  contains  a  row  of  refractive  granules,  constituting  the  granular  layer 
of  FlogeL  If  a  muscular  fibre  be  stretched  and  stained  with  logwood^ 
the  central  part  of  the  dim  disc  appears  lighter  in  colour  than  the  two 
ends  of  the  same  disc.  This  has  been  described  as  a  separate  disc^ 
and  is  called  the  median  disc  of  Eensen  (Fig.  231,  4,  c).] 

[In  an  unaltered  fibre,  the  dim  broad  stripe  appears  homogeneous,  but 
after  a  time  it  cleaves  throughout  its  entire  extent  in  the  long  axis  of 
the  fibre  into  a  number  of  prismatic  elements  or  fibrils,  the  sarcous 
elements  of  Bovmuin  (Fig.  231).  These  at  first  are  prismatic,  but  as  they 
solidify  they  shrink  and  seem  to  squeeze  out  of  them  a  fluid,  becoming 
at  the  same  time  more  constricted  in  the  centre.  This  separation 
into  fibrils  with  an  interstitial  matter  gives  rise  to  the  appearance  seen, 
on  transverse  section  of  a  frozen  muscle,  and  known  as  Cohnheim'a 
areas  (Fig.  231,  2,  c).  In  all  probability  the  cleavage  also  extends 
through  the  lateral  discs,  and  thus  fibrils  are  formed  by  longitudinal 
cleavage  of  the  fibre.] 

The  nuclei  or  muscle-corpuscles  are  found  immediately  under  the 
sarcolemma  in  all  mammals,  and  their  long  axis  lies  in  the  long  axia 
of  the  fibre  (8-13  /u  long,  3-4  /a  broad).  [In  the  muscles  of  the  frog 
and  some  other  animals,  they  lie  in  the  substance  of  the  fibre  surrounded 
by  a  small  amount  of  protoplasm.]  When  they  occur  immediately 
under  the  sarcolemma,  they  are  more  or  less  flattened  and  lie  embedded 
in  a  small  amount  of  protoplasm  (Fig.  231,  1  and  2,  K).  They 
contain  one  or  two  nucleoli,  and  it  is  said  that  the  protoplasm  senda 
out  fine  processes,  which  unite  with  similar  processes  from  adjoining  cor- 
puscles, so  that  according  to  this  view,  a  branched  protoplasmic  net-work 
exists  under  the  sarcolemma.  [Each  nucleus  contains  a  plexus  of  fibrils^ 
The  nuclei  are  not  seen  in  a  perfectly  fresh  muscle,  because  until 
ihey  have  undergone  some  change,  their  refractive  index  is  the  same  as 
that  of  the  sarcous  substance.]  They  become  specially  evident  after 
the  addition  of  acetic  acid.  Histogenetically,  they  are  the  remainder 
of  the  cells  from  which  the  muscular  fibres  were  developed  (Fig. 
231,  7).  According  to  M.  Schultze,  the  sarcous  substance  is  an  inter- 
cellular substance  difierentiated  and  formed  by  their  activity.    Perhaps 
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they  are  the  centres  of  nutrition  for  the  muecnlar  fibrea.  In  amphi- 
bians, birds,  fishes,  and  reptiles,  they  lie  in  the  axis  of  the  fibres 
between  the  fibrils. 

It  i*  aud  that  the  protoplasm  oi  the  miucle-corpuBclei  fofms  a  fine  net-work 
thronghoat  the  whole  mnicolar  fibre,  the  tnuurerae  brandies  taking  the  cootk  of 
the  lines  of  Kranae  or  Dobie,  and  the  longitudinal  branches  rnnning  in  the  Intei- 
eticea  between  Cohnheim'B  areas  (Retzins,  Bremer). 

Relation  to  Tendons.— According  to  Toldt,  the  delicate  oonnective-tiMae 
elementi,  which  cover  the  eeveral  mnacnlar  fibrea,  pa«s  from  the  enda  of  the  latter 
directly  into  the  oonnective-tiaane  elements  of  the  tendon.  The 
end  of  the  mnacnlar  fibre  is  perh^n  nuited  to  the  amooth 
rarface  or  hoUow  end  of  the  tendon  bj  means  of  a  special  cement 
(Weiamann— Fig.  233,  S).  In  arthropoda,  the  aarcolenuna 
paaaea  directly  into  jutd  becomes  continnone  with  the  tendon 
(Leydig,  Beichert).  The  tendon  itself  conaista  of  longitudintlly- 
arronged  bnndlu  of  white  fibrous  tissne  with  <xih—ltndon  celii 
— embracing  them.  There  is  a  loose  capanle  or  sheath  of  cou- 
nectdTe'tissne— the  perUendmaim  of  EoUman— smroonding  the 
whole,  and  carrying  the  blood-vessels,  lymphatics,  and  nerves. 
The  teud(»iB  move  in  t^e  tendon-gheaths,  which  Siie  moistened 
by  a  mncoDS  flnid.  In  most  sitnations,  muscnlar  fibres  are 
attached  hy  meaua  of  tendons  to  some  fixed  potat,  but  in  other 
■itnations  (face),  the  ends  terminate  between  the  connective- 
tissne  elements  of  the  skin. 

[Blood-Vessels. — Mnscles  being  very  active  organs  are 
richly  supplied  with  blood.  The  blood  supply  of  a 
muscle  differs  from  some  organs  in  not  constituting 
an  actual  vascular  unit,  supplied  only  by  one  artery 
and  one  vein,  thus  being  unlike  the  kidaey,    spleen,  tendon,    8, 

&c  Each  muscle  usually  receives  several  branches  ^  '**  "'^^^ 
from  different  arteries,  and  branches  enter  it  at  certain  ^  '  "** 
distances  along  its  whole  length.  The  artery  and 
Toin  usually  lie  together  in  the  connective-tissue  of  the  perimysium, 
while  the  capillaries  lie  in  the  eudomysium.  The  capillaries  lie  between 
the  muscular  fibres,  but  (mhide  the  sarcolenmia,  where  they  form  an 
elongated  rich  plexus  with  numerous  transverse  branches  (Fig.  234). 
The  lymph  to  nourish  the  sarcous  substance  must  traverse  the  sarco- 
lamma  to  reach  the  former.  In  the  red  muscles  of  the  rabbit  (e^., 
semitendinosus),  the  capillaries  are  more  wavy,  whOe  on  the  transverse 
branches  of  some  of  the  capillaries,  and  on  the  veins  (Ranvier),  there 
are  small,  oval,  saccular  dilatations,  which  act  as  reservoirs  for  blood.] 

[Lymphatics.— We  know  very  little  of  the  lymphatics  of  mnscle,  althoagh  the 
lymphatics  of  tendon  and  fascia  have  bees  cardfully  studied  by  Ludwig  and 
Sohweigger-Sddel  (p.  416).  There  are  lymphatics  in  the  endomysium  of  the 
heart,  which  are  oontinooua  with  those  nnder  tbe  pericardinm.  This  snbject  still 
Teqniies  farther  investigatioii.  Compare  the  lympbatics  of  the  fascia  lata  of  the 
dog  (Fig.  16S,  PL  416).] 
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Entruoa  of  the  Neire,— Tha  Inait  of  the  motor  norre,  ■■  B  mle,  enten  the 
ramcle  ftt  iU  geotnetrical  centra  (SohinJbe);  hence,  ttie  point  of  eatauoe  in 
mtiscleB  with  long,  pu&llel,  or  Bpiodle-ahaped  fibrea  Ilea  near  its  middle;   . 

If  the  mwde  with  pvallel  fibrei  b  more  than  2-3  contiinetres  [1  inch]  in 
length,  Mvenl  bruichee  enter  ita  middle. 
Tn  triAiu;iilAr  musclea,  the  point  of  en* 
tnnoe  of  the  nerve  ia  displaced  more 
towards  the  *trong  teodinoas  p(nnt  of 
ooovergonoe  of  the  mnicolar  fibrea.  A 
nerve-fibra  nmalljr  enlera  a  mnaole  at 
the  point  where  there  ia  the  Isaat  dis- 
placement of  the  miucnUr  Babatanoe 
during  contraction. 

Motor  Nerve. — Every  muscular 
fibre  receives  a  motor  nerve-fibre 
(Fig.  231, 1,  N).  Eacb  nerve  does 
not  contain  originally  as  many 
motor  nerve-fibres  as  there  are  mus- 
cular fibree  in  the  muscle  it  enters; 
in  the  human  eye-muscles,  there  are 
only  3  nerve-fibres  to  7  muscular 
fibres;  in  other  muscles  (dog),  1 
nerve-fibre  to  40  or  80  (Tergast). 
Hence,  when  a  nerve  enters  a  muscle 
it  must  divide,  vhich  occurs  dicho- 
tomously  [at  Ranvier's  nodes],  the 
structure  undergoing  no  change  until 
there  are  exactly  as  many  nerve- 
fibres  as  muscular  fibres.  A  nerve- 
fibre  enters  each  muscular  fibre,  and  where  it  enters  it  forms  an  eminence 
(Doyere,  1840),  the  "violonal  end^laU"  (Fig.  231,  1,  e).    The  neuri- 


Injected  blood-veuela  of  a  bomon 
muecle'-a,  small  artei? ;  b,  vein 
c,  c^iUatiei  x  250  (Eolliker). 


Inter-fibrillar  terminitioiis  of  a  motor  nerve  in  striped  muscle.     The  nerve-fibrils 
are  stained  by  gold  chloride  [after  Gerlach]. 

lemma  nnitce  directly  with  the  sarcolemma,  the  white  substance  of 
Schwann  ceases,  while  the  axis  cyUnder  passes  in  and  divides  within 
(he   sorcolemmai     There  is    an   elevation    of  a  protoplasmic  nature 
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containing  nuclei  immediately  under  the  sarcolemma  at  the  entrance  of 
the  nerve  (Eiihne's  end-plate).  The  branches  of  the  axis  cylinder 
tzaverse  this  mass^  where  they  subdivide  into  fine  fibrils  recognisable 
only  after  the  action  of  gold  chloride  (Fig.  235).  These  fibrik 
penetrate  between  the  fibrill»  along  the  whole  extent  of  the  fibre,  and 
perhaps  they  terminate  in  the  anisotropous  substance  (Gerlach). 

Sensory  fibres  also  occur  in  muscles,  and  they  are  the  channels  for 
muscular  sensibility.  They  seem  to  be  distributed  on  the  outer  surface 
of  the  sarcolemma,  where  they  form  a  branched  plexus  and  wind  round 
the  muscular  fibres  (Amdt,  Sachs);  but,  according  to  Tschiriew,  the 
sensory  nerves  traverse  the  substance  of  the  muscle,  and  after  dividing 
dichotomously,  end  only  in  the  aponeurosis,  either  suddenly  or  by 
means  of  a  small  swelling — a  view  confirmed  by  Eauber.  The 
existence  of  sensory  nerves  in  muscles  is  also  proved  by  the  tact  that, 
stimulation  of  the  central  end  of  a  motor  nerve — e.g.,  the  phrenic — 
causes  increase  of  the  blood-pressure  and  dilatation  of  the  pupil  (Aspi 
Kowalewsky,  Nawrocki),  as  weU  as  by  the  fact  that,  when  they  are 
inflamed,  they  are  painful.  They  of  course  do  not  degenerate  after 
section  of  the  anterior  root  of  the  spinal  nerves. 

Bed  and  Fide  Muscles. — ^In  maiiy  fishes  (skate),  birds,  and  wiiiniTwiti«y 
(rabbits),  there  are  two  kinds  of  striped  muscle  (Eraose),  differing  in  colour, 
histological  structure  (Ranvier),  and  physiological  properties  (Eronecker  and 
Stirling).  Some  are  **red" — e.g,,  the  soleus  and  semitendinosus  of  the  rabbit,  and 
others  **p€Ue" — e.^.,  the  adductor  magnus.  L[i  the  pale  muscles,  the  transverse 
striation  is  less  regular,  and  their  nuclei  fewer,  than  in  the  red  muscles  (Ranvier). 

[Spectrum.— The  red  colour  of  the  ordinary  skeletal  muscle  is  due  to  hemoglobin 
(KtOme),  in  the  saroous  substance.  This  is  proved  by  the  &ct  that  the  colour  is 
retained  when  all  the  blood  is  washed  out  of  the  vessels,  when  a  thin  muscle  still 
shows  the  absorption -bands  of  hemoglobin  when  examined  with  the  spectroscope.] 

[ILyO-haematin. — M'Munn  points  out  that,  although  most  voluntary  muscles 
owe  l^eir  colour  to  hemoglobin,  it  is  accompanied  by  myo-JioeTncUin  in  most  cases, 
and  sometimes  entirely  replaced  by  it.  Myo-haematin  is  found  in  the  Iieart  of 
vertebrates,  and  in  some  muscles  of  vertebrates  and  invertebrates.] 

[In  the  frog's  heart  the  fibres  are  fusiform  and  striped  (Fig.  231,  6).] 

Muscular  Fibres  of  the  Heart — ^The  mammalian  cardiac  muscle  has 
certain  peculiarities  already  mentioned  (§  43) : — (1)  It  is  striped,  but 
it  is  involuntary;  (2)  it  has  no  sarcolemmaj  (3)  its  fibres  branch  and 
anastomose;  (4)  the  transverse  striation  is  not  so  distinct,  and  it 
18  sometimes  striated  longitudinally;  (5)  the  nucleus  is  placed  in  the 
centre  of  each  cell  (see  §  43).] 

[Pnrkii^e's  Fibres. — ^These  fibres,  which  form  a  plexus  of  grayish 
fibres  under  the  endocardium  of  the  heart  of  ruminants,  have  been 
described  already  (Fig.  236);  the  cells  have,  as  it  were,  advanced  only 
to  a  certain  stage  of  development  (p.  72).] 

[The  cardiac  muscle,  viewed  from  a  physiological  point  of  view. 
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stands  mid-way  between  striped  und  unstriped  muscle.  Its  contraction 
occurs  slowly  and  lasts  for  a  long  time  (p.  109),  while,  although  it  is 
transversely  striped,  it  is  involuntary.] 

Development. — Each  maicnUr  fibre  is  developed  from  a  mu-nnclested  cell 

of  the  metobUat,  wbicb  elongatea  into  the  form  of  s  apindle.     Aa  the  cell 

elongates,  tbe  nuclei  maltiply.     The  BoperficUl  or  pAriet&l  part  of  the  cell-eub- 

Btauce  shows  tramverse  markings  (Fig.  231,  7),  while  the  nuclei  with  a  small 

amonnt    of   protopUam 

are  continnoas  along  the 

axis  of  the  £bre,  where 

th^    remain    in    some 

aniouds.  Young  muscle* 

have  fewer  fibres  tban 

thoM  of  adalts,  and  the 

former  are  also  Bmallu- 

(Budge). 

In  developing  mns- 
dea,  the  number  of 
librei  ii  increased  bj 
the  proliferation  of  the 
mnscle-corpuicles,  which 
fonn  new  fibres.  Striped 
muscle,  besides  occur- 
ring in  the  correspond- 
{  vertebrata. 


Fig.  236. 
l^kinje's  fibres  isolated  with  dilnte  alcohol— 
y,  striated  subatance ;  n,  nncleus  x  300. 
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choroid  of  birds.  The  artbropoda  have  only  striped  muBcle,  the  moUuscs,  worms, 
and  cchinoderms,  chiefiy  smooth  muscles ;  in  the  latter,  there  are  muscles  with 
double  oblique  striation  (Schwalbe). 

2.  Hon-Striped  Unscle  (Involuntaiy)— Distiibntion. — [It  occurs  very 
widely  distributed  in  the  body,  in  the  muscular  coat  of  the  lower  half 
of  tbe  human  (esophagus,  stomach,  small  and  large  intestine,  muscularis 
muscosee  of  the  intestinal  tract,  in  the  arteries,  veins,  and  lymphatics, 
posterior  part  of  the  trachea,  bronchi,  infundibula  of  the  lung,  muscular 
coat  of  the  ureter,  bladder,  urethra,  vas  deferens,  vesiculw  aeminalis,  and 
prostate ;  corpora  cavernosa  and  spongiosa  penis,  ovary.  Fallopian  tube, 
uterus,  skin,  ciliary  muscle,  iris,  upper  eyelid,  spleen  and  capsule  of 
lymphatic  glands,  tunica  dartos  of  tbe  scrotum,  gall-bladder,  in  ducts 
of  glands,  and  in  some  other  situations.] 

Stractnre. — Smooth  muscular  fibres  consist  of  fusiform  or  spindle- 
shaped  elongated  cells,  with  their  ends  either  tapering  to  fine  points 
(Fig.  231, 10)  or  divided.  These  contractile  fibre-cells  may  be  isolated 
by  steeping  a  piece  of  tbe  tissue  in  a  30  per  cent,  solution  of  caustic 
potash,  or  a  strong  solution  of  nitric  acid.  They  are  45-230  fi 
[rwa  to  ylr  in.]  "•  length,  and  4-10  /i  [,nnni  to  ^t^  in.]  in  breadth.  Each 
cell  contains  a  solid  oval  elongated  nucleiis,  which  may  contain  one  or 
more  nucleoli.  It  is  brought  into  view  by  the  action  of  dilnte  acetic 
acid,  or^  by  staining  reagents.     The  tnasa  of  tbe  cell  appears  more  or 
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less  homogeneous,  [and  is  surrounded  by  a  thin  elastic  envelope].     In 
some  places  it  shows  longftudinal  fibrillation.      [This  fibrillation  is 
revealed  more  distinctly  thus  :-^-P]ace  the  mesentery  of  a  newt  (Klein) 
or  the  bladder  of  the  Salamandra  maculata  (Flemming)  in  a  5  per  cent, 
solution  of  ammonium  chromate,  and  afterwards  stain  it  with  picro- 
carmine.     Each  cell  consists  of  a  thin  elasiic  sheath  (sarcolemma  of 
Krause),  enclosing  a  bundle  of  fibrils  (F)  which  run  in  a  longitudinal 
direction  within  the   fibre  (Fig.  237).     They  are  continuous  at  the 
poles  of  the  nucleus  with  the  plexus  of  fibrils  which 
lies   within   the   nucleus,  and,  according  to  Klein, 
they   are  the  contractile  part,  and  when  they  con- 
tract the  sheath  becomes  shrivelled  transversely  and 
exhibits  what  look  like  thickenings  (S).    These  fibrils 
have  been  observed  by  Flemming  in  the  cells  while 
living.     Sometimes  the  cells  are  branched,  while  in 
the  frog's  bladder  they  are  triradiate.] 

[Arrangement. — Sometimes  the  fibres  occur  singly, 
but  usually  they  are  arranged  in  groups,  forming 
lamellae,  sheets,  or  bundles,  or  in  a  plexiform  manner, 
the  bundles  being  surrounded  by  connective-tissue.] 
A  very  delicate  elastic  cement-substance  unites  the 
individual  cells  to  each  other.  [This  cement  may 
be  demonstrated  by  the  action  of  nitrate  of  silver. 
In  transverse  section  (Fig.  231,  11)  they  appear  oval 
or  polygonal,  with  the  delicate  homogeneous  cement 
between  them;  but,  as  the  fibres  are  cut  at  various 
levels,  the  areas  are  unequal  in  size,  and  all  of  them, 
of  course,  are  not  divided  at  the  position  of  the 
nucleus.] 

They  vary  in  length  from  i^  to  ^^  of  an  inch;  those  in  the 
blood-vessels  are  short,  while  they  are  long  in  the  intestinal 
tract,  and  especially  in  the  pregnant  uterus. 

According  to  Engelmann,  the  separation  of  the  smooth  muscular  substance  into 
its  individual  spindle-like  elements  is  a  poat-mortem  change  of  the  tissue.  Some- 
times transverse  thickenings  are  seen,  which  are  not  due  to  transverse  striation 
(Krause),  but  to  a  partial  contraction  (Meissner). 

Blood'Yessels. — Occasionally  they  have  a  tendinous  insertion.  Non-striped 
muscle  is  richly  supplied  with  blood-vessels,  and  the  capillaries  form  elongated 
meshes  between  the  fibres,  [although  it  is  not  so  vascular  as  striped  muscles]. 
Lymphatics  also  occur  between  the  fibres,  while  numerous  nerves  terminate  in  the 
tissue. 

Motor  Nerves. — ^According  to  J.  Arnold,  they  consist  of  medullated 
and  non-medullated  fibres  [derived  from  the  sympathetic  system]  which 
form  a  plexus — the  ground  plexus — ^partly  provided  with  ganglionic  cells, 
and  lying  in  the  connective-tissue  of  the  perimysium.     [The  fibres  are 


Pig.  237. 

Non  -  striped 
muscular  nbre, 
fromthemesen- 
tery  of  a  newt, 
after  the  action 
of  anmionium 
chromate — N, 
nucleus;  F,  fib- 
rils; S,  mark- 
ings in  the 
sheath. 
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sorromided  with  an  endothelial  sheath.]  SmaU  branches  [composed  of 
bondles  of  fibrils]  are  given  off  from  this  plezns,  forming  the  inier" 
mediary  plexus  with  angular  nuclei  at  the  nodal  points.  It  lies  either 
immediately  npon  the  mnscnlatnre  or  in  the  connective-tissae  between 
the  indiyidual  bondlea  From  the  intermediary  plexus,  the  finest 
fibrilLe  (0'3~0'5  ft)  pass  off  either  singly  or  in  gronps,  and  rennito 
to  form  the  inUrmuscukar  plexus,  which  lies  in  the  cement-substance 
between  the  muscle-cells,  to  end,  according  to  Frankenhauser,  in  the 
nucleoli  of  the  nucleus^  or  in  the  neighbourhood  of  the  nucleus  (Lustig), 
Acccording  to  J.  Arnold,  the  fibrils  traverse  the  fibre  and  the  nucleus^ 
so  that  the  fibres  appear  to  be  strung  upon  a  fibril  passing  through 
their  nuclei.  According  to  Lowit,  the  fibrils  reach  only  the  interstitial 
substance,  while  Gscheidlen  also  observed  that,  the  finest  terminal 
fibrils,  one  of  which  goes  to  each  muscular  fibre,  ran  along  the  margins 
of  the  latter.  The  course  of  these  fibrils  can  only  be  traced  after  the 
action  of  gold  chloride. 

Nerves  of  Tendon* — Within  the  tendons  of  the  frog,  there  £b  a  plenu  of 
medullated  nerve-fibres,  friHn  which  bmsh-like  divided  fibzes  proceed,  which 
ultimately  end  with  a  point  in  nucleated  plates,  the  nerve-flakes  of  Rollett.  Ac- 
cording  to  Sachs,  bodies  like  end-btdba  occur  in  tendons,  while  Rauber  found  Vaier^a 
corpuacUs  in  their  sheaths;  Golgi  found,  in  addition,  apindle-akaped  terminal 
eorpuaclea,  which  he  regards  as  a  specific  apparatus  for  estimating  tension. 

293.  Physical  and  Chemical  Properties  of  Muscle. 

1.  The  consistence  of  the  sarcous  substance  is  the  same  as  that  of 
living  protoplasm,  e,g,,  of  lymph-cells;  it  is  semi-solid,  i.e.,  it  is  not  fluid  to 
such  a  degree  as  to  flow  like  a  fluid,  nor  is  it  so  solid  that,  when  its 
parts  are  separated,  these  parts  are  unable  to  come  together  to  form  a 
continuous  whole.  The  consistence  may  be  compared  to  a  jelly  at  the 
moment  when  it  is  'dissolved  (e,g.,  by  heat).  The  power  odmbibUion  is 
increased  in  a  contracted  muscle  (Ranke). 

Proofs. — The  following  facts  corroborate  the  view  expressed  above — (a)  The 
analogy  between  the  function  of  the  sarcous  substance  and  the  contractile  proto- 
plasm of  cells  (§  9).  {b)  The  so-caUed  Porret*a  phenomenon  (W.  Kuhne)  which 
consists  in  this,  that  when  a  galvanic  current  is  conducted  through  the  livings 
fresh,  sarcous  substance,  the  contents  of  the  muscular  fibre  exhibit  a  streaming 
movement  from  the  positive  to  the  negative  pole  (as  in  all  other  fluids),  so  that  the 
fibre  swells  at  the  negative  pole,  (c)  By  the  fact  that  wave-movements  have  been 
observed  to  pass  along  the  muscular  fibre,  {d)  Direct  observation  has  shown  that 
a  small  parasitic  round  worm  (Myoryctea  Weiamanni)  moved  freely  in  the  sarcous 
substance  within  the  sarcolemma,  while  the  semi-solid  mass  closed  up  in  the  track 
behind  it  (W.  Kuhne,  Eberth). 

2.  FolU^ised  Light. — The  contractile  eubatance  doubly  refrada  light,  and  is  sud 
to  be  aniaotropoua^  while  the  ground-substance  causes  single  refraction,  and  is- 
iaotropiAiia,  According  to  Briicke,  muscle  behaves  like  a  doubly  refractive,  posi- 
tively uniaxial  body,  whose  optical  axis  lies  in  the  long  axis  of  the  fibre.    When  a 
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anucDlar  fibre  is  ezsmmed  under  the  polarisation  microscope,  the  doubly  refrac- 
tive substance  is  recognised  by  its  appearing  bright  in  the  dark  field  of  the 
microscope  when  the  nicols  are  crossed.  During  contraction  of  the  muscular  fibre, 
the  contractile  part  of  the  fibre  becomes  narrower,  and  at  the  same  time  broader, 
whilst  the  optical  constants  do  not  thereby  undergo  any  change.  Hence,  Briicko 
concludes  that  the  contractile  discs  are  not  simple  bodies,  like  crystals,  but  must 
consist  of  a  whole  series  of  small,  doubly  rBfipactive,  elements  arranged  in  groups, 
which  change  their  position  during  contraction  and  relaxation.  These  small 
elements  Brilcke  called  disdiadasts.  According  to  Sohipilofi^  Danilewsky,  and 
O.  Naase,  the  contractile  anisotropous  substance  consists  of  myosin,  which  occurs 
in  a  ciystalline  condition,  and  represents  the  disdiaclasts.  According  to  EngeU 
mann,  however,  all  contractile  elements  are  doubly  refractive,  and  the  direction  of 
contraction  always  coincides  with  the  optical  axis. 

The  investigations  of  v.  Ebner  have  shown  that,  during'  the  process  of  growth  of 
the  tissue,  tension  Is  produced — the  tension  of  bodies  subjected  to  imbibition — 
which  results  in  double  refraction,  and  so  gives  rise  to  the  condition  called 
anisotropous. 

The  chemical  composition  of  muscle  undergoes  a  great  change  after 
death,  owing  to  the  spontaneous  coagulation  of  a  proteid  within  the 
muscular  fibres.    As  frogs'  muscles  may  be  frozen  and  thawed,  and  still 
remain  contractile,  they  cannot^  therefore,  be  greatly  changed  by  the 
process  of  freeziog.     W.  Kiihne  bled  frogs,  cooled  their  muscles  to 
10''  or  T'^C,  pounded  them  in  an  iced  mortar,  and  expressed  their 
juice  through  linen.     The  juice  so  expressed,  when  filtered  in  the  cold, 
forms  a  neutral,  or  alkaline,  slightly  yellowish,  opalescent  fluid,  the 
so-caUed  '^  musde^lasma"    Like  blood-plasma,  it  coagulates  spontane- 
ously; at  first  it  is  like  a  uniform  soft  jelly,  but  soon  becomes  opaque; 
doubly  refractiye  fibres  and  specks,  similar  to  the  fibrin  of  blood, 
appear  in  the  jelly,  and  as  these  begin  to  contract,  they  squeeze  out  of 
the  jelly  an  acid  '^musdfi-serum.*'    Cold  prevents  or  delays  the  coagula- 
tion of  the  muscle-plasma;  above  0^,  coagulation  occurs  very  slowly^ 
and  the  rapidity  of  coagulation  increases  rapidly  as  the  temperature 
rises,  while  coagulation  takes  place  very  rapidly  at  40'*C.  in  cold- 
blooded animals,  or  at   48°-50°C.  in  warm-blooded  muscles.      The 
addition  of  distilled  water  or  an  add  to  musde-plasma  causes  coagula- 
tion at  once.    The  coagulated  proteid,  most  abundant  in  muscle,  and 
which  arises  from  the  doubly  refractive  substance,  is  called  ''  myosin  '^ 
(W.  Kiihne). 

Myosin. — It  is  a  globulin  (p.  502),  and  is  soluble  in  strong  (10  per 
cent)  solutions  of  common  salt,  and  is  again  precipitated  from  such  a 
solution  by  dilution  with  water,  or  by  the  addition  of  very  small 
quantities  of  acids  (0'l-0'2  per  cent,  lactic  or  hydrochloric  acid).  It 
is  also  soluble  in  dilute  alkalies  or  slightly  stronger  acids  (0*5  per 
cent  lactic  or  hydrochloric  acid),  and  also  in  13  per  cent,  ammonium 
chloride  solution.  Like  fibrin,  myosin  rapidly  decomposes  H2O2.  When 
treated  with  dilute  hydrochloric  acid  and  heat^  it  is  changed  into 
syntonin  (p.  503). 
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Danilewsky  snoceeded  in  partly  changing  ayntonin  into  myosin  by  the  action  of 
nulk  of  lime  and  ammonium  chloride.  Myosin  occors  in  other  animal  structores 
(cornea),  nay,  even  in  some  vegetables  (0.  Nasse). 

Mascle-semm  still  contains  three  proteids  (2*3-3  per  cent),  viz.: — 

1.  Alk(diralbuminate,  which  is  precipitated  on  adding  an  acid,  even  at 
20-24''C.  2.  Ordinary  serwmrolbumin  r4-r7  per  cent.  (§  32,  a),  which 
coagulates  at  75°C.     3.  An  albnminate  which  coagulates  at  45°C. 

The  other  chemical  constituents  of  muscle  have  been  referred  to  in 
treating  of  flesh  (§233).  1.  Briicke  found  traces  of  pepsin  and 
peptone  in  muscle-juice ;  Piotrowsky,  a  trace  of  a  diastatic  ferment 

2.  In  addition  to  volatile  fatty  adds  (formic,  acetic,  butyric),  there  are 
two  isomeric  forms  of  lactic  acid  (G^fi^  present  in  muscle  with  an 
acid  reaction : — (a)  Eihylidene4adic  add,  in  the  modification  known  as 
right  rotatory  sarcolactic  or  paralactic  add,  which  occurs  only  in  muscles, 
and  some  other  animal  structures,     (b)  Ethylene-ladic  add  in  small 
amount  (§  251,  3  c).      It  was  formerly  assumed  that  lactic  acid  is 
formed  by  fermentation  from  the  carbohydrates  of  the  muscle  (glycogen, 
dextrin,  sugar),  and  Maly  has  observed  that  paralactic  acid  is  occasion- 
ally formed  when  these  bodies  undergo  fermentation.     According  to 
Bohm,  however,  the  glycogen  of  muscle  does  not  pass  into  lactic  acid, 
as  during  rigor  mortis,  if  putrefaction  be  prevented,  the  amount  of 
glycogen  does  not  diminish.     If  muscle  be  suddenly  boiled  or  treated 
with  strong  alcohol,  the  ferment  is  destroyed,  and  hence  the  acidification 
of  the  muscular  tissue  is  prevented  (du  Bois-Keymond).    Acid  jpotassitim 
jfhosphaie  also  contributes  to  the  acid  reaction.     3.  Camin  (C^HgN^Oj) 
which  is  changed  by  bromine  or  nitric  acid  into  sarkin,  occurs  to  the 
extent  of  1  per  cent  in  Liebig's  extract  of  meat  (Weidel).     4.  Only 
O'Ol  per  cent,  of  urea  (Haycraft).     6.  Glycogen  occurs  to  the  amount  of 
over  1  per  cent  after  copious  flesh-feeding,  and  to  05  per  cent  during 
fasting.     It  is  stored  up  in  the  muscles,  as  well  as  in  the  liver,  during 
digestion,  but  it  disappears  during  hunger.      It  is  perhaps  formed 
in  the  muscles  from  proteids  (§  174,  2).     6.  Ledihin  derived  in  part 
from  the  motor-nerve  endings  (§23  and  §  251).      7.  The  gases  are 
OOg  (15-18  vol.  per  cent),  partly  absorbed,  partly  chemically  united; 
some  absorbed  N,  but  no  O,  although  muscle  continually  absorbs  0 
from  the  blood  passing  through  it  (L.  Hermann).    The  muscles  contain 
a  substance  whose  decomposition  yields  COj.     When  muscles  are 
exercised,  this  substance  is  used  up,  so  that  severely  fatigued  muscles 
yield  less  COg  (Stinzing). 

294.  Metabolism  in  Muscle. 

I.  A  passive  muscle  continually  absorbs  a  certain  amount  of  0  from 
the  blood  flowing  through  its  capillaries,  and  returns  a  certain  amount 
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of  CO2  to  the  blood-stream.  The  amount  of  COg  given  off  is  less  than 
coiresponds  to  the  amount  of  0  absorbed.  Excised  mnsdes  freed  from 
blood  exhibit  an  analogous  but  diminished  gaseous  exchange  (du  Bois- 
Iteymond,  G.  Liebig).  As  an  excised  muscle  remains  longer  excitable 
in  0  or  in  air  than  in  an  atmosphere  free  from  O,  or  in  indifferent  gases 
(AL  v.  Humboldt),  we  must  conclude  that  the  above-named  gaseous 
exchange  is  connected  with  the  normal  metabolism,  and  is  a  condition 
on  which  the  life  and  activity  of  the  muscle  depends. 

This  exchange  of  gases  mnst  be  distingnished  from  the  putrefactive  phenomena 
due  to  the  development  of  living  organisms  in  the  mnacle.  These  putrefactive 
phenomena  are  also  connected  with  the  consumption  of  O  and  the  excretion  of 
OOs,  and  occur  soon  after  death  (L.  Hermann). 

IL  In  an  active  muscle,  the  blood-vessels  are  always  diUded  (Ludwig 
and  Sczelkow) — ^a  condition  pointing  to  a  more  lively  material  exchange 
in  the  organ.  Hence,  the  active  muscle  is  distinguished  from  the 
passive  one  by  a  series  of  chemical  transformations. 

1.  Beaction. — ^The  neutral  or  feebly  alkaline  reaction  of  a  passive 
muscle  (also  of  the  non-striped  variety)  passes  into  an  <uid  reaction 
during  the  activity  of  the  muscle,  owing  to  the  formation  of  paralactic 
acid  (du  Bois-Beymond,  1859);  the  degree  of  addity  increases  up  to 
a  certain  extent,  according  to  the  amount  of  work  performed  by  the 
muscle  (E.  Heidenhain).  The  acidification  is  due,  according  to  Weyl 
and  Zeitler,  to  the  phosphoric  acid  produced  by  the  decomposition  of 
lecithin  and  (?  nuclein). 

2.  Formation  of  GOg. — ^An  active  muscle  excretes  considerably  more 
CO2  than  a  passive  one :  (a)  active  muscular  exertion  on  the  part  of 
a  man  or  of  animals  increases  the  amount  of  CO2  given  off  by  the 
lungs  (p.  258);  (5)  venous  blood  flowing  from  a  tetanised  muscle 
of  a  limb  contains  more  GO2,  more  GOg  being  formed  than  corre- 
sponds to  the  O,  which  has  simultaneously  been  absorbed  (Ludwig  and 
Sczelkow).  The  same  result  is  obtained  when  blood  is  passed  through 
an  excised  muscle  artificially;  (c)  an  excised  muscle  caused  to  contract 
excretes  more  CO2  (Matteucci,  Valentin). 

3.  Consumption  of  Oxygen. — An  active  muscle  uses  up  more  0 — 
(a)  when  we  do  muscular  work,  the  body  absorbs  much  more  O  (p.  448) 
^-even  4-5  times  as  much  (Eegnault  and  Seiset) ;  (i)  venous  blood 
flowing  from  an  active  muscle  of  a  limb  contains  less  0  (Ludwig, 
Sczelkow,  and  Al.  Schmidt).  Nevertheless,  the  increase  of  O  used  up 
by  the  active  muscle  is  not  so  great  as  the  amount  of  GO2  given  off 
(v.  Pettenkofer  and  v.  Voit). 

Ab  yet,  it  is  not  possible  to  prove  by  gasometric  methods,  that  0  is 

used  up  in  an  excised  muscle  free  from  blood.     Indeed,  the  presence 

of  0  does  not  seem  to  be  absolutely  necessary  for  the  activity  of 
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muflde  daring  short  periods,  as  an  excised  muscle  may  continue  to  con- 
tract in  a  vacuum,  or  in  a  mixture  of  gases  free  from  O,  and  no  0  can 
be  obtained  from  muscular  tissue  (L.  Hermann).  A  frog's  muscles  rob 
easily  reducible  substances  of  their  0 ;  they  discharge  the  colour  of 
a  solution  of  indigo ;  muscles  which  have  rested  for  a  time,  acting  less 
energetically  than  those  which  have  been  kept  in  a  state  of  continued 
activity  (Griitzner,  Qscheidlen). 

4;  Glycogen. — The  amount  of  glycogen  (0*43  per  cent,  in  the  muscles 
of  a  frog  or  rabbit)  and  grape-sugar  is  diminished  in  an  active  muscle 
(O.  Nasse,  Weiss),  but  muscles  devoid  of  glycogen  do  not  lose  their  excita- 
bility and  contractility.  Hence,  glycogen  is  certainly  not  the  direct 
source  of  the  energy  in  an  active  muscle.  Perhaps  it  is  to  be  sought  for 
in  an  as  yet  unknown  decomposition  product  of  glycogen  (Luchsinger). 

5.  Extractives. — An  active  muscle  contains  less  extractive  sub- 
stances soluble  in  water,  but  more  extractives  soluble  in  alcoh<d 
(v.  Helmholtz,  1845);  it  also  contains  less  of  the  substances  which 
form  CO2  (Ranke);  less  fatty  acids  (Sczelkow);  less  kreatin  and 
kreatinin  (v.  Voit). 

6.  During  contraction,  the  amoimt  of  water  in  the  muscular  tissue 
increases,  while  that  of  the  blood  is  correspondingly  diminished  (J. 
Sanke).  The  solid  substances  of  the  blood  are  increased,  while  they 
(albumin)  are  diminished  in  the  lymph  (Fano). 

7.  Urea. — ^The  amount  of  urea  excreted  from  the  body  is  not 
materially  increased  during  muscular  exertion  (p.  629) — ^v.  Voit,  Fick, 
and  Wislicenus.  According  to  Parkes,  however,  although  the  excretion 
of  urea  is  not  increased  immediately,  yet  after  1-1^  days  there  is  a 
slight  increase.  The  amount  of  work  done  cannot  be  determined 
from  the  amount  of  albumin  which  is  changed  into  urea. 

During  the  activity  of  a  muscle,  all  the  groups  of  the  chemical  sub- 
stances present  in  muscle  undergo  more  rapid  transformations  (J. 
Ranke).  It  is  still  a  matter  of  doubt^  therefore,  whether  we  may 
assume  that  the  kinetic  energy  of  a  muscle  is  chiefly  due  to  the  trans- 
formation of  the  chemical  energy  of  the  carbohydrates  which  are 
decomposed  or  used  up  in  the  process  of  contraction.  As  yet  we  do 
not  know  whether  the  glycogen  is  supplied  by  the  blood-stream  to  the 
muscles,  perhaps  from  the  liver  (p.  350),  or  whether  it  is  formed 
within  the  muscles  themselves  from  some  unknown  derivative  of  the 
proteids.  The  normal  circulation  is  certainly  one  of  the  conditions  for 
the  formation  of  glycogen  in  muscle,  as  glycogen  diminishes  after 
ligature  of  the  blood-vessels  (Chandelon).  A  muscle  containing  blood 
is  capable  of  doing  more  work  than  one  devoid  of  blood  (Ranke),  and 
even  in  the  intact  body,  more  blood  is  always  supplied  to  the 
contracted  muscles. 
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[Relation  of  ULnseular  Work  to  Urea.— Ed.  Smith,  Parkes,  andothen  have 
made  niuneroiis  investigatioiiB  on  this  sabject.  Fick  and  WiBlicenns  (1866) 
ascended  the  Fanlhoxn,  and  for  seventeen  hours  before  the  ascent  and  for  six 
hours  after  the  ascent,  no  protdd  food  was  taken— the  diet  consisting  of  cakes 
made  of  fat,  sngar,  and  starch.  The  urine  was  collected  in  three  periods,  aa 
follows : — 


Flek. 

WlBllceniu. 

1.  Urea  of  11  hours  before  the  ascent,. 

2.  „       8     „    during        „ 

3.  „        6     ,,    after          ,,          . 

238-55  grs. 
109-44   »» 1 139.77 
80-33    „/ 

221 -05  grs. 

"K  ::t '»« 

A  hearty  meal  was  taken  after  this  period,  and  the  uiine  of  the  next  11  hours 
after  the  period  of  rest  contained  159*15  grains  of  urea  (Fick),  and  176*71  (Wisli- 
cenus).  AU  the  experiments  go  to  show  that,  the  amount  of  urea  excreted  in  the 
urine  is  far  more  dependent  upon  the  nitrogen  ingested,  i.e.,  the  TuUure  0/ the  food, 
than  upon  the  decomposition  of  the  muscular  substance.  A  vegetable  diet 
diminishes^  while  an  animal  diet  greatly  increases,  the  amount  of  urea  in  the 
urine.] 
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Cause. — Excised  striped,  or  smooth  muscles,  and  also  the  muscles  of 
an  intact  body,  at  a  certain  time  after  death,  pass  into  a  condition  of 
rigidity — cadaverk  riff^idUy  or  rigor  mortis.  When  all  the  muscles  of  a 
corpse  are  thus  affected,  the  whole  cadaver  becomes  completely  stiff  or 
rigid.  The  cause  of  this  phenomenon  depends  upon  the  spontaneous 
coagulation  of  a  proteid  (Briicke),  viz.,  the  myosin  of  the  muscular  fibro 
(Riihne),  in  consequence  of  the  formation  of  a  small  amount  of  an  acid. 
Under  certain  circumstances,  the  coagulation  of  the  other  proteids  of 
the  muscle  may  increase  the  rigidity.  During  the  process  of  coagula- 
tion, heat  is  set  free  (v.  Walther,  Fick — §  223),  owing  to  the  passage  of 
the  fluid  myosin  into  the  solid  condition,  and  also  to  the  simultane- 
ous and  subsequently  increased  density  of  the  tissue. 

Properties  of  a  Muscle  in  Rigor  Mortis. — It  is  shorter,  thicker,  and 
somewhat  denser  (Schmulewitsch,  Walter);  stiff,  compact,  and  solid; 
turbid  and  opaque  (owing  to  the  coagulation  of  the  myosin);  in- 
completely elastic^  less  extensible,  and  more  easily  torn  or  ruptured ;  it 
is  completely  inexcitable  to  stimuli ;  the  muscular  electrical  current  is 
abolished  (or  there  is  a  slight  current  in  the  opposite  direction) ;  its 
reaction  is  add,  owing  to  the  formation  of  both  lactic  acids  (p.  626) 
and  glycerin-phosphoric  acid  (Diakanow),  and  it  develops  free  CO^. 
When  an  incision  is  made  into  a  rigid  muscle,  fluid  (muscle-serum) 
appears  spontaneously  in  the  wound. 
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The  first  formed  lactic  acid  oonyerts  the  salts  of  the  mttsde  into  add  salts;  thus 
potassinm  lactate  and  add  potasdum  phosphate  are  formed  from  potasdnm  phos- 
phate. The  lactic  add,  which  is  formed  thereafter,  remains  free  and  nnunited  in 
the  musde. 

Amount  of  Glycogen. — The  newest  observationa  of  B(5hm  are  against  the 
view  that,  during  rigor  mortis,  a  partial  or  complete  transformation  of  the  glycogen 
into  sugar  and  then  into  lactic  acid  takes  place.  Daring  digestion,  a  temporary 
storage  of  glycogen  occurs  in  the  musdes  as  well  as  in  the  liver,  so  that  about  as 
much  is  found  in  the  muscles  as  in  the  liver.  There  is  no  diminution  of  the 
glycogen  when  rigidity  takes  place,  provided  putrefaction  be  prevented;  so  that  the 
lactic  acid  of  rigid  muscles  cannot  be  formed  from  glycogen,  but  more  probably 
it  is  formed  from  the  decompodtion  of  the  albuminates  (Demant,  B^hm). 

The  amount  of  add  does  not  vary,  whether  the  rigidity  occurs  rapidly  or  dowly 
(J.  Banke) ;  when  addification  begins,  the  rigidity  becomes  more  marked,  owing 
to  the  coagulation  of  the  alkali-albuminate  of  the  musde.  Less  00%  is  formed  from 
a  rigid  muscle,  the  more  COs  it  has  given  off  previoudy,  during  muscular  exertion. 
A  rigid  musde  gives  off  N,  and  absorbs  0.  In  a  cadaveric  rigid  muscle,  ^rtn- 
Jerment  ia  present  (AL  Schmidt  and  others).  It  seems  to  be  a  product  of 
protoplasm,  and  is  never  absent  where  this  occurs  (Rausohenbach). 

[Thus  there  is  a  marked  analogy  between  the  coagulation  of  the 
blood  and  that  of  musde.  In  both  cases,  a  fluid  body  yields  a  solid 
body,  fibrin  &om  blood,  and  myosin  &om  musclo«  and  there  are  many 
other  points  of  analogy  (p.  632).] 

Stages  of  Rigidity. — Two  stages  are  recognisable  in  cadaveric  muscles : 
— In  the  first  stagey  the  muscle  is  rigid,  but  still  excitable;  in  this  stage 
the  myosin  seems  to  be  in  a  jelly-like  condition.  Bestitution  is  still 
possible  during  this  stage.  In  the  second  stage,  the  rigidity  is  well 
pronounced,  with  all  the  phenomena  above  mentioned. 

The  onset  of  the  rigidity  varies  in  man  from  10  minutes  to  7  hours ; 
its  duration  is  equally  variable,  1-6  days.  After  the  cadaveric  rigidity 
has  disappeared,  the  muscles,  owing  to  further  decompositions  and  an 
alkaline  reaction,  become  soft  and  the  rigidity  disappears  (Nysten, 
Sommer).  The  onset  of  the  rigidity  is  always  preceded  by  a  loss  of 
nervous  activity.  Hence,  the  musdes  of  the  head  and  neck  are  first 
affected,  and  the  other  muscles  in  a  descending  series  (§  325).  Dis- 
appearance of  the  rigidity  occurs  first  in  the  muscles  first  affected 
(Nysten).  Great  muscular  activity  before  death  («.^.,  spasms  of  teta- 
nus^ cholera,  strychnin,  or  opium  poisoning)  causes  rapid  and  intense 
rigidity;  hence,  the  heart  becomes  rigid  relatively  rapidly,  and  strongly. 

Hunted  animals  may  become  affected  within  a  few  minutes  after 
death.  Usually  the  rigidity  lasts  longer  the  later  it  occurs.  Bigidity 
does  not  occur  in  a  foetus  before  the  seventh  month.  A  frog's  muscle 
cooled  to  O'^C.  does  not  begin  to  exhibit  cadaveric  rigidity  for  4-7 
days. 

Stenson's  Experiment. — The  amourii  of  blood  in  a  muscle  has  a  marked 
effect  upon  the  onset  of  the  rigidity.     Ligature  of  the  muscular  arteries 
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causes  in  all  maxninals^  at  first  for  several  minutes,  a  continued 
increased  muscular  excitability  (muscle-substance  as  such),  and  then  a 
rapid  fall  of  the  excitability  (Schmulewitsch).  Thereafter,  rigidity 
occurs,  the  one  stage  following  closely  upon  the  other  (Swammerdam^ 
Nic.  Stenson,  1667).  If  the  artery  going  to  a  muscle  be  ligatured, 
Stannius  observed  that  the  excitability  of  the  motor  nerves  disappeared 
after  an  hour,  that  of  the  muscular  substance  after  4-5  hours,  and  then 
cadaveric  rigidity  set  in. 

When  the  blood-vessels  of  a  muscle  are  occluded,  by  coagulation  taking-flaoe 
within  them  (Landois),  rigidity  of  the  muscles  is  produced  (p.  201).  FincK 
observed  a  case  in  which  rigidity  of  the  muscles  of  the  lower  limbs  took  plaoQ 
during  life^  there  being  at  the  same  time  complete  loss  of  sensibility.  The  blood- 
vesseb  had  undergone  degeneration,  and  the  heart's  action  was  very  feeble.  True 
cadaveric  rigidity  may  be  produced  by  too  tight  bandaging;  the  muscles  are 
paralysed,  rigid,  and  break  up  into  flakes,  while  the  contents  of  the  fibre  are  after- 
wards absorbed  (B,  Volkmann). 

If  the  circulation  be  re-established  during  the  first  stage  of  the 
rigidity,  the  muscle  soon  recovers  its  excitability  (Stannius).  When 
the  second  stage  has  set  in,  restitution  is  impossible  (Kiihne).  In 
cold-blooded  animals,  cadaveric  rigidity  does  not  occur  for  several  days, 
after  ligaturing  the  blood-vessels.  Brown-S6quard,  by  injecting  fresh 
oxygenated  blood  into  the  blood-vessels,  succeeded  in  restoring  the 
excitability  of  the  muscles  of  a  human  cadaver  four  hours  after  death> 
t.6.,  during  the  first  stage  of  cadaveric  rigidity.  Ludwig  and  Al. 
Schmidt  found  that,  the  onset  of  cadaveric  rigidity  was  greatly 
retarded  in  excised  muscles,  when  arterial  blood  was  passed  through 
their  blood-vessels.  Blood  deprived  of  its  O  did  not  produce  this  effect. 
Cadaveric  rigidity  occurs  relatively  early  after  severe  hsemorrhage. 
If  a  weak  alkaline  fluid  be  conducted  through  the  dead  muscles  of  a 
frog,  cadaveric  rigidity  is  prevented  (Schipilofi). 

Section  of  Nerves. — Preliminary  sedion  of  the  moior  nerves  causes  a 
later  onset  of  the  rigidity  in  the  corresponding  muscles  (Brown- 
S^quard,  Heineke).  Perhaps  this  is  caused  by  the  greater  accumulation 
of  blood  in  the  paralysed  parts  (due  to  section  of  the  vaso-motor 
nerves).  In  fishes,  whose  medulla  oblongata  is  suddenly  destroyed, 
cadaveric  rigidity  occurs  much  more  slowly  than  in  those  animals  that 
die  slowly  (Blane). 

Sigidity  may  be  produced  artificially  by  various  reagents : — 

1.  Heat  ["heat-stiffening"  (Pickford)]  causes  the  myosin  to  coagalate 
at  40*^0.  in  cold-blooded  animals,  in  birds  about  bS'^C,  and  in  mammals 
at  48-50''C.  The  protoplasm  of  plants  and  animals,  e,g,,  of  the  amoeba^ 
is  coagulated  by  heat,  giving  rise  to  heat-rigor. 

Schmulewitsch  found  that  the  longer  a  muscle  had  been  excised  firom  the  body, 
the  greater  was  the  heat  required  to  produce  stiffening.   Heat-stiffening  differs  fnun,. 


632  EFFECTS  OF  HEAT,  WATER,  AND  ACIDS  ON  MUSCLE. 

Gftdaverio  rigidity  thus:  a  13  per  cent,  solution  of  ammoniiim  chloride  dissolves 
out  the  myosin  from  a  cadaveric  rigid  muscle,  but  not  from  one  rendered  rigid  by 
heat  (Schipiloff).  If  the  rigid  cadaveric  muscles  of  a  frog  be  heated,  another 
proteid  coagulates  at  45**,  and  lastly  at  75**  the  serum-albumin  itself.  Hence, 
both  processes  together  make  the  muscle  more  rigid  (p.  629). 

2.  When  a  muscle  is  saturated  with  distilled  water,  it  produces 
*^  water-Btiffening  " — ^an  acid  reaction  being  developed  at  the  same  time 
(Swammerdam,  Pickford). 

Muscles  rendered  stiff  by  water  still  exhibit  electro-motive  phenomena,  which 
Xduscles  rendered  rigid  by  other  means  do  not  (Biedermann). 

If  the  upper  limb  of  a  frog  be  ligatured,  deprived  of  its  skin,  and  dipped  in 
warm  water,  it  becomes  rigid.  If  the  ligature  be  removed  and  the  circulation 
re-established,  the  rigidity  may  be  jMurtially  set  aside.  If  there  be  weU-marked 
rigidity,  it  can  only  be  set  aside  by  placing  the  limb  in  a  10  per  cent,  solution  of 
common  salt,  which  dissolves  the  coagulum  of  myosin  (Preyer). 

3.  Acids,  even  CO,,  rapidly  produce  ''  acid-stiffening,"  which  is  pro- 
bably different  from  ordinary  stiffening,  as  such  muscles  do  not  evolve 
any  free  COg  (L.  Hermann).  The  injection  of  0*l-0'2  per  cent 
solutions  of  lactic  or  hydrochloric  acid  into  the  muscles  of  a  frog 
produces  stiffening  at  once,  which  may  be  set  aside  by  injecting  0*5 
per  cent,  solution  of  an  acid,  or  by  a  solution  of  soda,  or  by  15  per 
cent,  solution  of  ammonium  chloride.  The  acids  form  a  compound 
with  the  myosin  (Schipiloff). 

4.  Freezing  and  thawing  a  part  alternately,  rapidly  produces  stiffen- 
ing; and  it  is  aided  by  mechanical  injuries. 

Poisons. — ^Rigor  mortis  is  favoured  by  quinine,  caffein,  digitalin,  veratrin, 
hydrocyanic  acid,  ether,  chloroform,  the  oib  of  mustard,  fennel,  and  aniseed; 
direct  contact  of  muscular  tissue  with  potassium  sulphocyanide  (Bernard, 
Setschenow),  ammonia,  alcohol,  and  metallic  salts. 

Position  of  the  Body.— The  attitude  of  the  body  during  cadaveric  rigidity  is 
generally  that  occupied  at  death ;  the  position  of  the  limbs  is  the  result  of  the 
vazying  tensions  of  the  different  muscles.  During  the  occurrence  of  rigor  mortis, 
a  limb,  or  more  firequently  the  .arm  and  fingers,  may  move  (Sommer).  Thus,  if 
stiffening  occurs  rapidly  and  firmly  in  certain  groups  of  muscles,  this  may  produce 
movements,  as  is  sometimes  seen  in  cholera.  If  cadaveric  rigidity  occurs  very 
rapidly,  the  body  may  occupy  the  same  position  which  it  did  at  the  moment  of 
death,  as  sometimes  happens  on  the  battle-field.  In  these  cases  it  does  not  seem 
that  a  contracted  condition  of  the  muscle  passes  at  once  into  rigor  mortis;  but 
between  these  two  conditions,  according  to  Briicke,  there  is  always  a  very  short 
relaxation. 

Muscles  which  have  been  plunged  into  boiling  water  do  not  undergo  rigor 
mortis,  neither  do  they  become  acid  (du  Bois-Reymond),  nor  evolve  free  CO^ 
(L.  Hermann). 

Analogy  between  Contraetion  and  Bigidity.— L.  Hermann  has  drawn 

attention  to  the  analogy  which  exists  between  a  muscle  in  a  state  of  contraction 
and  one  in  a  state  of  cadaveric  rigidity— both  evolve  CO2  and  the  other  acids  from 
the  same  source.  The  form  of  the  contracted  and  the  stiffened  muscle  is  shorter 
and  thicker ;  both  are  denser,  less  elastic,  and  evolve  heat ;  in  both  cases,  the 
muscular  contents  behave  negatively  as  regards  their  electro-motive  force,  in  refer- 
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cDoe  to  the  unaltered,  living,  resting  sabstanoe.  Hence,  he  is  inclined  to  regard 
a  moacolar  contraction  as  a  temporary,  physiological,  rapidly  disappearing  rigor, 
whilst  other  observers  regard  stififening  as  in  a  certain  sense  the  last  flickering 
act  of  a  living  muscle. 

Work  done  by  Rigidity, — ^A  muscle  in  the  act  of  becoming  stiff  will  lift  a 
weighty  but  the  height  to  which  it  is  lifted  is  greater  with  small  weights,  but  less 
with  heavier  weights,  than  when  a  living  muscle  is  stimulated  with  a  ma.Timal 
stimulus. 

Disappearance  of  the  Rigidity. — ^When  rigor  mortis  passes  off^  there 
is  a  considerable  amount  of  acid  formed  in  the  muscle,  which  dis- 
solves the  coagulated  myosin.  After  a  time  jmirefactian  sets  in, 
accompanied  by  the  presence  of  micro-organisms  and  the  evolution  of 
ammonia  and  putrefactive  gases  (HgSjN^COg — §  184), 

According  to  Onimus,  the  loss  of  excitability  which  precedes  the  onset  of  rigor 
mortis  occurs  in  the  following  order  in  man :  left  ventricle,  stomach,  intestine 
(55  minutes);  urinary  bladder—right  ventricle  (60  min.);  iris  (105  min.);  muscles  of 
face  and  tongue  (180  min.);  the  extensors  of  the  extremities  about  1  hour  before 
the  flexors ;  the  muscles  of  the  trunk  (5-6  hours).  The  oesophagus  remains  ex- 
citable for  a  long  time  (§  325). 


296.  Muscular  Excitability. 

By  the  term  excitability  or  irritability  of  a  muscle,  is  meant  that 
property  in  virtue  of  which  a  muscle  shortens  when  it  is  stimulated. 
The  condition  of  excitement  is  the  active  condition  of  a  muscle  pro- 
duced by  the  application  of  stimuli,  and  is  usually  indicated  by  the  act 
of  contraction.  Stimuli  are  simply  various  forms  of  energy,  and  they 
throw  the  muscle  into  a  state  of  excitement,  while  at  the  moment 
of  activity,  the  chemical  energy  of  the  muscle  is  transformed  into  work 
and  heat,  so  that  stimuli  act  as  *^ discharging  forces"  The  normal 
temperature  of  the  body  is  most  favourable  for  maintaining  the  normal 
muscular  excitability;  the  excitability  varies  as  the  temperature  rises 
or  falls. 

As  long  as  the  blood-stream  within  a  muscle  is  uninterrupted,  the 
first  effect  of  stimulation  of  a  muscle  is  to  increase  its  energising 
power,  partly  because  the  circulation  is  more  lively  and  the  blood- 
vessels are  dilated,  but  after  a  time,  the  energising  power  is  diminished. 

Even  in  excised  muscles,  especially  when  the  large  nerve-trunks 
have  already  lost  their  excitability,  the  excitability  is  increased  after  a 
stimulus,  so  that  the  application  of  a  series  of  stimuli  of  the  same 
strength  causes  a  series  ot  contractions  which  are  greater  than  at  first 
(Wundt).  Hence,  we  account  for  the  fact  that,  although  the  first  feeble 
stimulus  may  be  unable  to  discharge  a  contraction,  the  second  may, 
because  the  first  one  has  increased  the  muscular  excitability  (Fick). 


<S34  INDEPENDENT  MUSCULAR  EXCITABILITY. 

Effect  of  Cold.-*If  the  muflcIeB  of  ft  iCrog  (du  Bois-Reymond),  or  tortoise  (Bracke), 
be  kept  in  a  cool  place,  they  may  remain  excitable  for  10  days,  while  the  mnsdes 
of  warm-blooded  animals  cease  to  be  excitable  after  11-21  hoars.  (For  the  heart 
see  §  55,  p.  96.)  A  moscle  when  stimulated  directly,  always  remains  excitable  for 
a  longer  time  when  its  motor  nerve  is  already  dead. 

[Independent  Mnscnlar  Excitability. — Since  the  time  of  Albrecht 
V.  Haller  and  B.  Whytt,  physiologists  have  ascribed  to  muscle  a 
condition  of  excitability  which  is  entirely  independent  of  the  existence . 
of  motor  nerves,  and  which  depends  on  certain  constituents  of  the 
sarcous  substance.  Excitability,  or  the  property  of  responding  to  a 
stimulus,  is  a  widely  distributed  function  of  protoplasm  or  its  modifica- 
tions. A  colourless  blood-corpuscle  or  an  amoeba  is  excitable,  and  so  are 
secretory-  and  nerve-cells.  In  the  first  cases,  the  application  of  a  stimulus 
results  in  motion  in  an  indefinite  direction,  in  the  second  in  the 
formation  of  a  secretion,  and  in  the  third  in  the  discharge  of  nerve- 
energy.  In  the  case  of  muscle,  a  stimulus  causes  movement  in  a 
definite  direction,  called  a  contraction,  and  depending  on  the  contract- 
ility of  the  sarcous  substance.  There  are  many  considerations  which 
show  that  excitability  is  independent  of  the  nervous  system,  although 
in  the  higher  animab,  nerves  are  the  usual  medium  through  which  the 
excitability  is  brought  into  action.  Thus,  plants  are  excitable,  and  they 
contain  no  nerves.] 

Numerous  experiments  attest  the  "independent  excUabUiij^*  of  muscle: 
1.  There  are  chemical  stimuli,  which  do  not  cause  movement  when 
applied  to  motor  nerves,  but  do  so  when  they  are  applied  directly  to 
muscle;  ammonia,  lime  water,  carbolic  acid.  2.  The  ends  of  the  sartorius 
of  the  frog,  in  which  no  nerve  terminations  are  observable  by  means  of 
the  microscope,  contract  when  they  are  stimulated  directly  (Eiihne).  3. 
Curara  paralyses  the  extremities  of  the  motor  nerves,  while  the  muscles 
themselves  remain  excitable  (CL  Bernard,  Kolliker).  The  action  of  cold, 
or  arrest  of  the  blood  supply  in  an  animal,  abolishes  the  excitability  of 
the  nerves,  but  not  of  the  muscles  at  the  same  tima  4.  After  section 
of  its  nerve,  a  muscle  still  remains  excitable,  even  after  the  nerves  have 
undergone  fatty  degeneration  (Brown-S^quard,  Bidder).  5.  Sometimes 
electrical  stimuli  act  only  upon  the  nerves  and  not  upon  the  muscle 
itself  (Briicke).  [6.  The  foetal  heart  contracts  rhjrthmically  before  any 
nervous  structures  are  discoverable  in  it.] 

[The  Action  of  Curara. — Curara,  woorali,  urari,  or  Indian  arrow  poison 
is  the  inspissiated  juice  of  a  plant  belonging  to  the  same  order  as 
strychnia.  It  is  obtained  in  South  America.  A  watery  extract  of  the 
drug,  when  injected  under  the  skin  or  into  the  blood  of  an  animal^ 
acts  chiefly  upon  the  motor  nerves,  and  does  not  affect  the  muscular 
contractility.  An  active  substance,  curarini  has  been  isolated  from  it 
(see  also  p.  638)*    Poison  a  frog  by  injecting  a  few  milligrammes  into 
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the  dorsal  lymph-sac  In  a  few  minutes,  after  the  poison  is  absorbed, 
the  animal  ceases  to  sapport  itself  on  its  fore-limbs;  it  lies  fiat  on 
the  table,  its  limbs  are  paralysed,  and  so  are  the  respiratory 
movements  in  the  throat.  When  completely  under  the  action  of  the 
poison,  the  frog  lies  in  any  position,  limp  and  motionless,  neither 
exhibiting  voluntary  nor  reflex  movements.  If  the  brain  be  destroyed 
and  the  skin  removed,  on  faradising  the  sciatic  nerve  no  contraction  of 
the  muscles  of  the  hind-limb  occurs,  but  if  the  electrical  stimulus  be 
applied  directly  to  the  muscles,  they  contract,  thus  proving  that  curara 
poisons  the  motor  nerves  and  not  the  muscles.  If  the  dose  be  not  too  large^ 
the  heart  still  continues  to  beat,  and  the  vaso-motor  nerves  remain  active.] 
[But  it  is  the  terminal  or  intra-muscular  portions  of  the  nerves,  not  the 
nerve-trunk,  which  are  paralysed. 
Ligature  the  sciatic  artery,  or,  better 
still,  tie  all  the  parts  of  the  hind- 
limb  of  a  frog  at  the  upper  part  of 
thigh,  except  the  sciatic  nerve.  In- 
ject curara  into  the  dorsal  lymph-sac. 
The  poisoned  blood  will,  of  course, 
circulate  in  every  part  of  the  body 
except  the  ligatured  limb.  The 
animal  can  still  at  a  certain  stage 
of  the  poisoning  pull  up  the  non- 
poisoned  limb,  while  it  cannot  move 
the  poisoned  one.  In  this  case, 
although  poisoned  blood  has  circu- 
lated in  the  sacral  and  intra-abdo- 
minal parts  of  the  nerves,  yet  they 
ore  not  paralysed,  so  that  the  poison 
does  not  act  on  this  part  of  the  trunk  Fig*  '^38. 

of  the  nerve.     But  we  can  show  that,  Scheme  of  the  curara  experiment— B, 

it  does  not  act  on  any  part  of  the     ^^'J'  ^'^''^'  ^'  '^''^ 

^       F  ^  spiral;  N,  nerves;  F,  clamp;  N  P, 

extara-muscular  trunk  of  the  nerve,      non-poisoned  leg;  P,  poisoned  leg> 

This  is  done  by  ligaturing  the  ar-  C,  commutator;  K,  key  (after 
teries  going  to  the  gastrocne-  Rutherford), 
mius  musde,  and  then  poisoniug  the  animaL  On  stimulating  the 
nerve  on  the  ligatured  side,  the  gastrocnemius  of  that  side  contracts^ 
although  the  whole  length  of  the  nerve-trunk  has  been  supplied  by 
poisoned  blood.  Therefore,  it  is  the  intramtiscular  terminaiums  of  the 
nerves  which  are  acted  on.] 

[By  means  of  the  following  arrangement  we  may  prove  that  the  actual 
iennmations  are  paralysed.  Ligature  the  sciatic  arteiy  of  one  leg  of  & 
frog^  and  then  inject  curara  into  a  lymph-sac.    After  the  animal  is  fully 
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poisoned,  dissect  out  the  whole  length  of  the  sciatic  nerve  in  both  legs, 
leaving  all  the  muscles  below  the  knee-joint,  then  clean  and  divide  the 
femur  at  its  middle.  Fin  a  straw  flag  to  each  limb,  and  fix  both  femora 
in  a  damp,  or  muscle-forceps,  with  the  gastrocnemii  uppermost,  as  in  Fig. 
238.  Place  the  two  nerves,  N,  on  du  Bois-Beymond's  electrodes  (F^[.  239) 
attached  to  two  wires  coming  from  a  commatator,  C  (Fig.  238).  From 
two  other  binding  screws  of  the  commatator,  two  wires  pass  and  are 
made  to  pierce  the  gastrocnemii.  The  other  two  binding  screws 
of  the  commutator  are  connected  with  the  secondary  coil  of  a  du 
Bois-Rejmoad'a  induction  machine  (§  330).  The  bridge  of  the 
commutator  can  be  turned  so  as  to  pass  the  current  either  through 
both  muscles  or  both  nerves — the  latter  is  the  case  in  the  diagram  (H). 
When  both  mtvbs  are  stimulated,  only  the  mm-poisoned  leg  (S  P)  con- 
tracts. Beverse  the  commutator,  and  pass  the  current  through  both 
musdes,  when  both  eontradJ] 


dn  Boii-BeTinoiid's  platinoin  electrodes — The  nerve  la  pUced  over  the  two  piecw 
of  platiDum,  P,  which  rest  on  vnlcaiiite ;  B,  oniverul  joint ;  V,  sapport 
{Elliott  Brothers). 

[BoseniluU's  Modificaiion. — Pull  the  secondary  coil  far  away  from  the 
primary,  and  pass  the  current  through  both  muscles.  Gradually 
approximate  the  secondary  to  the  primary  coil,  and  in  doing  so,  it  will 
be  foond  that,  the  non-poisoned  1^  contracts  first,  and  on  continning  to 
push  up  the  secondary  coil,  both  limbs  contract.  Thus  the  poisoned 
limb  does  not  respond  to  so  feeble  a  faradic  stimulus  as  the  non- 
poisoned  one,  a  result  which  is  not  due  to  the  action  of  the  oorara  on 
the  excitability  of  the  muscle.  The  non-poisoned  limb  responds  to  a 
feebler  stimulus  because  its  motor-nerve  tenuinattons  are  not  paralysed. 
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whOe  the  poisoned  leg  does  not  do  so,  because  the  motor  tenninations 
are  paralysed.  A  feebler  induced  shock  suffices  to  cause  a  muscle  to 
contract  when  it  is  applied  to  the  nenre  than  when  it  is  applied  to  the 
muscle  itself  directly.     In  large  doses,  curara  also  affects  the  spinal  cord.] 

The  whole  qaestion  of  " specific  museuUir  exdtah'dity'*  has  entered  upon  a  new 
phase,  owing  to  the  researches  of  Gerlach  on  the  terminations  of  motor  nerves  in 
mnsclo.  Since  it  has  been  shown  that,  a  nerve-fibre  after  penetrating  the  sarco- 
lemma,  breaks  up  into  inter-fibrillar  threads,  which  come  into  direct  relation  with 
the  sarcous  substance,  we  can  scarcely  speak  of  an  isolated  stimulation  of  a  muscle, 
for  all  stimuli  which  are  applied  to  a  muscle,  must  at  the  same  time  act  on  the 
nerve,  for  the  muscle  is  the  proper  end-organ  of  a  motor  nerve. 

KeurO-MUBCnlar  Cells. — Even  in  the  lower  animals— «.(/.,  Hydra  (Eleinen- 
berg),  and  Medusa  (Eimer)— there  are  uni-cellular  structures  called  ^^nevro- 
mwcuiar  cells,"  in  which  the  nervous  and  muscular  substances  are  represented  in 
the  same  celL  [The  outer  part  of  these  cells  is  adapted  for  the  action  of  stimuli, 
and  corresponds  to  the  nervous  receptive  organ,  while  the  inner  deeper  part  is 
contractile,  and  is  the  representative  of  the  muscular  part.] 

Muscular  StimalL — ^Various  stimuli  cause  a  muscle  to  contract, 
either  by  acting  upon  its  motor  nerve  {jkndirtd)  or  upon  the  muscular 
substance  itself  {dirtd)  (§  324). 

1.  Under  ordinary  circumstances,  the  normal  stimulas  causing  a 
muscle  to  contract  is  the  nerve  impulse  which  passes  along  a  nerve,  but 
its  exact  nature  is  unknown,  «.^.,  in  voluntary  movements,  automatic 
motor  movements,  and  reflex  acts. 

2.  Chemical  Stimuli. — ^AU    chemical    substances,   which  alter    the 

chemical  composition  of  a  muscle  with  sufficient    rapidity,  act    as 

muscular  stimuli.    According  to  Ruhne,  mineral  acids  (HCl  0*1  per 

cent.,  acetic  and  oxalic  acids,  the  salts  of  iron,  zinc,  copper,  silver,  and 

lead),  bile  (Budge),  all  act  in  weak  solutions  as  muscular  stimuli ;  while 

tbey  act  upon  the  motor  nerve  only  when  they  are  more  concentrated. 

Lactic  acid  and  glycerin,  when  concentrated,  excite  only  (1)  the  nerve; 

when  dilute,  only  the  muscle.     Neutral  alkaline  salts  act  equally  upon 

nerve  and  muscle,  alcohol  and  ether  act  on  both  very  feebly.     When 

water  is  injected  into  the  blood-vessels,  it  causes  fibrillar  muscular 

contractions  (v.  Wittich),  while  a  0*6  per  cent,  solution  of  NaCl  may  be 

passed  through  a  muscle  for  days  without  causing  contraction  (Kolliker, 

0.  Nasse).     Acids,  alkalies,  and  extract  of  flesh  diminish  the  muscular 

excitability,  while  the  muscular  stimuli,  in  small  doses,  increase  it 

(Ranke). 

Guses  and  vapofwrs  stimulate  muscle;   they  cause  either  a  simple 

contraction  {e.g.y  HCl)  or  at  once,  permanent  contraction  or  contracture 

{e.g,y  CI).    Long  exposure  to  the  gas  causes  rigidity.     The  vapour  of 

bisulphide  of  carbon  stimulates  only  the  nerves,  while  most  vapours 

(e.^.,  HCl)  kill  without  exciting  them  (Kuhne  and  Jani). 
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Method- --In  making  experiments  npon  the  chemical  stimulation  of  mnsde,  it 
is  nnadvisable  to  dip  the  transverse  section  of  the  muscle  into  the  solution  of  the 
chemical  reagent  (Hering).  The  chemical  stimulus  ought  to  be  applied  in  solution 
to  a  limited  portion  of  the  uninjured  surface  of  the  muscle ;  after  a  few  seconds, 
we  obtain  a  contraction  or  fibrillar  twitchings  of  the  superficial  muscular  layers 
(Hering).  If  the  sartorius  of  a  curarised  frog  be  dipped  into  a  solution  composed 
of  6  grammes  NaCl,  2  grammes  alkaline  sodium  phosphate,  and  0*5  gramme 
sodium  carbonate  in  1  litre  of  water,  at  10°C.,  the  muscle  contracts  rhythmicaUy^ 
and  may  do  so  for  sevenJ  days  (Biedermann).  This  recalls  the  rhythmical  con- 
traction of  the  heart  (Biedermann). 

3.  Thermal  Stimuli. — If  an  excised  frog's  muscle  be  rapidly  heated 
towards  28°C.;  a  gradually  increasing  contraction  occurs,  which,  at 
30°0.,  is  more  pronounced,  reaching  its  Tnaxinrum  at  45''0.  (Eckhard^ 
Schumlewitsch).  If  the  temperature  be  raised,  "  hecU-stiffening  "  rapidly 
ensues.  The  smooth  muscles  of  warm-blooded  animals  also  contract  when 
they  are  warmed,  but  those  of  cold-blooded  animals  are  elongated  by 
heat  (Oriinhagen,  Samkowy).  If  a  frog's  muscle  be  cooled  to  0°,  it  is 
very  excitable  to  mechanical  stimuli  (Griinhagen) ;  it  is  even  excited  by 
a  temperature  under  0**  (Eckhard). 

CI.  Bernard  observed  that  the  muscles  of  animals  artificially  cooled  (§  225,  p. 
456)  remained  excitable  many  hours  after  death.  Heat  causes  the  excitability  to 
disappear  rapidly,  but  it  increases  it  temporarily. 

4.  Mechanical  Stimuli. — ^Eyery  kind  of  sudden  mechanical  stimulus, 
provided  it  be  applied  with  sufficient  rapidity  to  a  muscle  (and  also  to  a 
nerve),  causes  a  cordradioTL  If  stimuli  of  sufficient  intensity  be  repeated 
with  sufficient  rapidity,  tetanus  is  produced.  Strong  local  stimulation 
causes  a  weal-like,  long-continued  contraction  at  the  part  stimulated 
(§  297,  3,  a). 

5.  Electrical  Stimuli  will  be  referred  to  when  treating  of  the 
stimulation  of  nerve  (§  324). 

Gurara. — ^The  arrow-poison  of  the  Indians  of  South  America  consists 
of  the  dried  juice  of  the  root  of  Strychnos  crevauxi ;  when  injected  into 
the  blood  or  subcutaneously,  it  causes  at  first,  paralysis  of  the  intra- 
muscular ends  of  the  motor  nerves  (p.  635),  while  the  muscles  themselves 
remain  excitable;  the  sensory  nerves,  the  central  nervous  system, 
viscera,  heart,  intestine,  and  the  blood-vessels  are  not  affected  (Gl. 
Bernard,  Kolliker). 

Actions. — In  warm-blooded  animals,  death  takes  place  by  asphyxia,  owing  to 
paralysis  of  the  diaphragm,  but  of  course  there  are  no  spasms.  In  frogs,  where  the 
skin  is  the  most  important  respiratory  organ,  if  a  suitable  dose  be  injected  under 
the  skin,  the  animal  may  remain  motionless  for  days  and  yet  recover,  the  poison  being 
eliminated  by  the  urine  (Kahne,  Bidder).  If  the  dose  be  larger,  the  inhibitory 
fibres  of  the  vagus  may  be  paralysed.  In  electrical  fishes,  the  sensoty  nerves  oon- 
cemed  with  the  electrical  discharge  are  paralysed  (Marey).    In  frogs,  the  lymph* 
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hflaztB  are  paralysed.  A  dose  sufficient  to  kill  a  frog,  when  injected  under  its  skin, 
will  not  do  so  if  administered  by^e  month,  because  the  poison  seems  to  be  eliminated 
as  rapidly  by  the  kidneys  as  it  is  absorbed  from  the  gastric  mncous  membrane. 
For  the  same  reason  the  flesh  of  an  smimal  killed  by  cnrara  is  not  poisonous  when 
eaten.  If,  however,  the  ureters  be  tied,  the  poison  collects  in  the  blood,  and 
poisoning  takes  place  (L.  Hermann).  Large  doses,  howeyer,  poison  uniigured 
animals  even  when  given  by  the  mouth.  The  nerves  (Funke)  and  muscles 
(Valentin)  of  poisoned  animals  exhibit  considerable  electro-motive  fbroe. 

Atropin  appears  to  be  a  specific  poison  for  smooth  muscular  tissue,  but  different 
muscles  are  differently  affected  (Szpilmann,  Luchsinger). 

Excitability  after  Seddoii  of  the  Motor  Nerves,— After  section  of  the 

motor  nerve  of  a  musde,  the  excitability  undergoes  remarkable  changes;  after 
d-4  days  the  excitability  of  the  paralysed  muscle  is  diminished,  both  for  direct 
and  indirect  (t.e.,  through  the  nerve)  stimuli ;  this  condition  is  followed  by  a  stage, 
during  which  a  constant  current  is  more  active  than  normal,  while  induction  cur- 
rents are  scarcely  or  not  at  all  effective  (§  339, 1).  The  excitability  for  mechan- 
ical stimuli  is  also  increased.  The  increased  excitability  occurs  until  about  the 
7th  week ;  gradually  it  diminishes  until  it  is  abolished  towards  the  6th-7th  month. 
Fatty  degeneration  begins  in  the  second  week  after  section  of  the  motor  nerve, 
and  gote  on  until  there  is  complete  muscular  atrophy.  Immediately  after  section 
of  the  sciatic  nerve,  Schmulewitsch  found  that  the  excitability  df  the  muscles 
supplied  by  it  was  increased. 


297.  Cbanges  in  a  Muscle  during  Contraction. 

1.  Macroscopic  Phenomena. — 1.  When  a  muscle  contracts,  it  becomes 
shorter  and  at  the  same  time  thicker  (Erasistratns,  B.G.  304). 

The  degree  of  contraction,  which  in  very  excitable  frogs  may  be  65-85 
per  cent.  (72  per  cent  mean)  of  the  total  length  of  the  muscle,  depends 
upon  various  conditions:  (a)  Up  to  a  certain  point,  increasing  the 
sirength  of  the  stimulus  causes  a  greater  degree  of  contaraction ;  {b)  as  the 
muscular  fatiffue  increases,  i,e,,  after  continued,  vigorous  exertion,  the 
stimulus  remaining  the  same,  the  extent  of  contraction  is  diminished ; 
(c)  the  temperature  of  the  surroundings  has  a  certain  effect.  The  extent  of 
the  contraction  is  increased  in  a  fit)g's  muscle — ^the  strength  of  stimulus 
and  degree  of  fatigue  remaining  the  same — ^when  it  is  heated  to  ZZ°G. 
If  the  temperature  be  increased  above  this  point,  the  degree  of  con- 
traction is  diminished  (Schmulewitsch). 

2.  The  volume  of  a  contracted  muscle  is  slightly  diminished  (Swam- 
merdam  f  1680).  Hence,  the  specific  gravUy  of  a  contracted  muscle 
is  slightly  increased,  the  ratio  to  the  non-contracted  muscle  being  1062  : 
1061  (Valentin);  the  diminution  in  volume  is  however  only  xttt* 

Methods.— (a)  Ennan  placed  portions  of  the  hody  of  a  live  eel  in  a  glass  vessel 
filled  with  an  iadifferent  fluid.  A  narrow  tube  commnnicated  with  the  glass 
vessel,  and  the  fluid  rose  in  the  tube  to  a  certain  level  As  soon  as  the  muscles  of 
the  eel  were  caused  to  contract,  the  fluid  in  the  indez^tube  sank. 
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(&)  Landoifl  demonatrates  the  decrease  in  volome  by  means  of  a  manometric 
flame.  The  cylindrical  vessel  containing  the  muscle  is  provided  with  two 
electrodes  iized  into  it  in  an  air-tight  manner.  The  interior  of  the  vessel  com- 
municates with  the  gas  supply,  while  there  is  a  small  narrow  exit-tube  for  the  gas 
which  is  lighted.  Every  time  the  muscle  contracts,  the  flame  diminishes.  The 
same  experiment  may  be  perfoimed  with  a  contracting  heart. 

3.  Total  and  Partial  GontractioxL — Normally,  all  stimuli  applied  to 
a  muscle  or  its  motor  nerre  cause  contraction  in  all  its  muscular  fibres. 
Thus,  the  muscle  conducts  the  state  of  excitement  to  all  its  parts. 
Under  certain  circumstances,  however,  this  is  not  the  case,  viz. : — (a) 
when  the  muscle  is  greatly  fatigued,  or  when  it  is  about  to  die,  a 
violerU  mechanical  stimulus,  as  a  vigorous  tap  with  the  finger  or  a  per- 
cussion hammer  (and  also  chemical  or  electrical  stimuli),  cause  a 
localised  contraction  of  the  muscular  fibres.  This  is  Schiff*s  ^^ideo- 
muscular  contraction^*  The  same  phenomenon  is  exhibited  by  the 
muscles  of  a  healthy  man,  when  the  blunt  edge  of  an  instrument  is 
drawn  transversely  over  the  direction  of  the  muscular  fibres  (Miihl- 
hauser,  Auerbach);  (b)  under  certain,  as  yet  but  imperfectly  known 
conditions,  a  muscle  exhibits  so-called  fibrillar  contractions — i.e.,  short 
contractions  occur  alternately  in  different  bundles  of  muscular  fibres. 
This  is  the  case  in  the  muscles  of  the  tongue,  after  section  of  the  hypo- 
glossal nerve  (Schiff) ;  and  in  the  muscles  of  the  face,  after  section  of 
the  facial  nerve. 

Caase  of  Fibrillar  Contraction.— According  to  Bleuler  and  Lehmann,  section 
of  the  hypoglossal  nerve  in  rabbits  is  followed  by  fibrillar  contractions  after  60-SO 
hours;  these  contractions  may  continue  for  months,  even  when  the  divided  nerve 
has  healed  and  is  stimulated  above  the  cicatrix  so  as  to  produce  movements  in  the 
corresponding  half  of  the  tongue.  Stimulation  of  the  lingual  nerve  increases  the 
flbriUar  contractions  or  arrests  them.  This  nerve  contains  vaso-dilator  fibres 
derived  from  the  chorda  tympani.  Schiff  is  of  opinion  that  the  increased  blood- 
stream through  the  organ  is  the  cause  of  the  contractions.  Sig.  Mayer  found  that, 
by  compressing  the  carotids  and  subclavian,  and  again  removing  the  pressure  so  as 
to  permit  free  circulation,  the  muscles  of  the  face  contracted.  Section  of  the  motor 
nerves  of  the  face  did  not  abolish  the  phenomenon,  but  compression  of  the  arteries 
did.  The  cause  of  the  phenomenon,  therefore,  seems  to  lie  within  the  muscles 
themselves.  This  phenomenon  may  be  compared  to  the  paralytic  secretion  of  saliva, 
and  pancreatic  juice  which  follows  section  of  aU  the  nerves  going  to  these  glands 
(p.  288,  p.  345).  Similar  fibriUar  contractions  occur  in  man  under  pathological 
conditions,  but  they  may  also  occur  without  any  signs  of  pathological  disturbance. 
[Fibrillar  contraction^  due  to  a  central  cause,  occur  in  monkeys  after  excision  of 
the  thyroid  gland  (V.  Horsley).] 

II.  Microscopic  Phenomena. — 1.  Single  muscular  fhrillm  exhibit  the 
same  phenomena  as  an  entire  muscle^  in  that  they  contract  and  become 
thicker.  2.  There  is  great  difficulty  in  observing  the  changes  that 
occur  in  the  individual  parts^of  a  muscular  fibre  during  the  act  of  con- 
traction.   This  much  is  certain  that,  the  muscular  elements  become 
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shorter  and  broader  during  contraction*  Thus,  it  is  evident  that  the 
transverse  stri»  must  appear  to  approach  nearer  to  each  other 
(Bowman,  1840).  3.  There  is  great  difference  of  opinion  as  to  the 
behaviour  of  the  doubly  refractive  (anisotropous)  and  the  singly 
refractive  media. 

Fig.  24(^  1,  on  the  left  represents,  acoording  to  EngelmaDii,  a  passive  muscular 
element — from  c  to  d  is  the  doubly  refractive,  contractile  substance,  with  the 
median  disc,  (i,  (,  in  it;  A  and  g  are  the  lateral  discs.  Besides  these,  in  each  of 
the  singly  refractive  discs  there  is  a  clear  disc — '*  secondary  disc **— /and  e,  which 
is  only  slightly  doubly  refractive.  This  occurs  only  in  the  muscles  of  insects. 
Fig.  1,  on  the  rigJUf  shows  the  same  element  in  polarised  light,  whereby  the 
middle  area  of  the  element,  as  far  as  the  contractile  substance  proper  extends,  is, 
owing  to  its  double  refraction,  bright;  while  the  other  part  of  the  muscular 
element,  owing  to  its  being  singly  refractive,  is  black.  Fig.  240^  2,  is  the  transi- 
tion stage,  and  3  the  proper  stage  of  contraction  of  the  muscular  element.  In 
both  cases  the  figures  on  the  l^  are  viewed  in  ordinary  light,  and  on  the  right,  in 
polarised  light. 


Fig.  240. 

The  microscopic  appearances  during  a  muscular  contraction  in  the  individual 
elements  of  the  fibrillar— 1,  2,  3,  after  Engelmann;  4,  5,  after  Merkel. 

Engelmann's  "^ew. — According  to  Engelmann,  during  contraction 
(Pig.  240,  3),  the  singly  refractive  disc  becomes  as  a  whole  more 
refractive,  the  doubly  refractive  less  so.  Consequently,  a  fibre  at  a 
certain  degree  of  contraction  (2),  when  viewed  in  ordinary  light,  may 
appear  homogeneous  and  but  slightly  striped  transversely =/Ae  honKh 
geneous  or  transiiion  stage. 

During  a  greater  degree  of  contraction  (3),  very  dark  transverse  stripes 
reappear,  corresponding  to  the  singly  refractive  discs.  At  every  stage  of 
the  contraction,  as  well  as  in  the  transition  stage,  the  singly  and  doubly 
refractive  discs  are  sharply  defined,  and  are  recognised  by  the  polari* 
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scope,  as  regular  alternating  layers  (in  1,  2,  and  3  on  the  right). 
These  do  not  change  places  during  the  contraction.  The  height  of 
both  discs  is  diminished  during  contraction,  but  the  singly  refractive 
do  so  more  rapidly  than  the  doubly  refractire  discs.  The  total 
volume  of  each  element  does  not  undergo  any  appreciable  alteration  in 
volume  during  the  contraction.  Hence,  the  doubly  refractive  discs 
increase  in  volume  at  the  expense  of  the  singly  refractive.  From  this 
it  is  concluded  that,  during  the  contraction,  fluid  passes  from  the  singly 
refractive  into  the  doubly  refractive  discs;  the  former  shrink,  the 
latter  swell. 

Markers  view  is  partially  different  In  Fig.  240,  4,  are  two 
muscular  elements  at  rest ;  in  (5),  two  in  a  state  of  contraction,  after 
MerkeL  The  grey  punctuated  areas  are  the  doubly  refractive  substance, 
€,  the  median  disc.  According  to  Merkel,  during  contraction,  the  dark 
substance  lying  in  the  middle  of  the  element  changes  its  posi- 
tion—either in  part  or  as  a  whole ;  it  leaves  the  middle  of  the  element 
(the  two  surfaces  of  Hensen  s  median  discs,  4,  c),  and  places  itself  at 
the  lateral  discs,  5,  at  e  and  d,  while  the  clear  substance  leaves  the 
lateral  disc,  4,  e  and  d,  and  applies  itself  to  both  surfaces  of  the 
median  disc,  5,  c.  The  clear  substance  of  the  isotropous  discs  is  fluid, 
.md  plays  a  more  passive  rdle ;  during  contraction,  it  is  in  part  absorbed 
by  the  dark  substance,  which  thus  swells  up.  This  mutual  exchange 
of  place  of  the  substances  is  accompanied  by  an  intermediate  '^  stage 
of  dissoltUion,'*  m  which  the  whole  contents  of  the  element  appear 
equally  homogeneous  (Montgomery),  m  which,  therefore,  the  fluid, 
singly  refractive  substance  has  uniformly  penetrated  the  doubly  refrac- 
tive substance.     At  this  moment  only  the  lateral  discs  are  still  visible. 

[If  a  living  portion  of  an  insect's  muscle  be  examined  in  its  own  juice, 
contraction  waves  may  be  seen  to  pass  over  the  fibres.  When  a  con- 
traction wave  passes  over  part  of  the  fibres,  the  discs  become  shorter 
sjii  broader;  at  the  same  time,  in  the  fully  contracted  part,  the  dim 
disc  appears  lighter  than  the  centre  of  the  light  disc.  There  is  said 
to  be  a  ''  reversal  of  the  stripes  "  from  what  obtains  in  a  passive  muscle. 
Before  this  stage  is  reached  there  is  an  intermediate  stage,  where  the 
two  bands  are  almost  uniform  in  appearance.] 

Methods.— These  phenomena  are  best  observed  by  "fixing"  the  different 
stages  of  rest  or  contraction,  by  suddenly  plunging  the  muscular  fibriUsB  of 
insects'  muscles  into  alcohol  or  osmic  acid,  which  coagulates  the  musde-substance. 
The  actual  contraction  may  be  observed  under  the  microscope,  in  the  transparent 
parts  of  the  larves  of  iosects. 

Spectrum* — A  thin  muscle — e,g.,  the  sartorius  of  the  frog— when  placed 
directly  behind  a  narrow  slit  running  at  right  angles  to  the  course  of  the  fibres, 
yields  a  diffraetum-epectrum.  When  the  muscle  contracts^  as  by  mechanical  stimu- 
lation, the  spectrum  broadens— a  proof  that  the  intorspaoes  of  the  transverse 
atripes  become  narrower  (Eanvier). 
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298.  Muscular  Contraction. 

Myography—- Simple  Contraction — Tetanus. 

Methods. — ^In  order  to  determine  the  duration  of  each  phase  of  a 
muscular  contraction,  myographs  of  various  forms  are  used. 

T,  Helmholts's  Myograph*  ^Hehnholtz  oonstmcted  a  myograph  of  the  form 
shown  in  Fig.  241.  A  muacle,  M— eay  the  gastrocnemiiis  of  a  frog  attached  to  the 
femur — ia  fixed  by  the  femur  in  a  damp,  E,  the  lower  free-end  of  the  mxucle 
being  attached  to  a  movable  lever  carrying  a  scale-pan  and  weight,  W,  the 
weight  being  varied  at  pleasure.  When  the  mnsde  contracts,  necessarily  it  must 
raise    the  lever.      To  the 

free-end  of  the  lever  is  at-  ijfi  K 

tached  a  movable  style,  F, 
capable  of  adjustment,  and 
which,  when  properly  ad- 
justed, inscribes  its  move- 
ments on  a  revolving  cylin- 
der caused  to  rotate  at  a 
uniform  rate  by  means  of 
dook-work  (Fig.  73).  The 
cylinder  is  covered  with 
enameUed  paper  smoked  in 
the  flame  of  a  turpentine 
lamp.  When  the  mnsde 
contracts,  it  inscribes  a 
curve^  the  ''musde-curve" 
or  "myogram."  The  a&- 
9ci89a  iodicatee  the  duraUon 
of  the  contraction,  but  of 
course  the  rate  at  which  the 
cylinder  is  moving  must  be 
Imown.  The  ordinatea  re- 
present the  extent  of  con- 
traction at  any  particular 
part  of  the  curve. 

The  musde-curve  may  be  inscribed  upon  a  smoked  glass  plate 
attadied  to  one  limb  of  a  vibrating  tuning-fork  (Fig.  67 — ^Hensen 
and  Klunder).  Such  a  curve  registers  the  time-units  in  all  its  parta. 
Suppose  each  vibration  of  the  tuning-fork  =  0*01613  second,  then  th& 
duration  of  any  part  of  such  a  curve  is  obtained  by  counting  the 
number  of  vibrations  and  multiplying  by  0*01613  second. 

[Pendulum  Myograph. — ^A.  Fick  invented  this  instrument    In  its 

improved  form  by  v.  Helmholtz  (Fig.  242),  it  is  shown  both  from  the  front 

and  the  sida     A  board  fixed  to  the  wall  carries  a  heavy  iron  pendulum, 

Py  whose  axis.  A,  A,  moves  on  friction  rollers.    At  the  lower  swinging 

end  are  two  glass  plates,  G  and  O',  fixed  to  a  bearer,  T.    The  plates  can 

be  adjusted  by  means  of  the  screw,  s,  so  that  several  curves  can  be 

written  one  above  the  other.    The  plate,  Q\  on  the  posterior  surface  is 

9 


Fig.  241. 

Scheme  of  v.  Helmholtz's  myograph— M,  musde 
fixed  in  a  damp,  K;  F,  writing  style;  P, 
weight  or  counteipoise  for  the  lever  ;*W,  scale- 
pan  for  weights ;  S,  S,  supports  for  the  lever. 


«li 
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by  the  teetli,  a,  a,  when  it  is  drawn  i 

'ME 


merely  a  comftensator,  bo  that  vhen  G  ia  elevated  Q'  is  lowered,  and  thm 
the  dmatioa  of  the  OBcillation  is  not  altered.  The  spring  catches,  H,  H, 
which  can  be  tomed  inwarda  or  outwards,  are  nsed  to  fix  the  pendulom 
Le.  The  pendnltun  ia 
drawn  to  one  nde 
and  fixed,  a,  in  H, 
BO  that  when  H  is 
pulled  down,  it  is 
liberated  and  swings 
to  the  other  aide, 
where  it  iB  caught  by 
H  at  tiie  opposite 
aide.  In  the  im- 
proved fom,  the 
estches,  H,are  made 
to  dide  along  a  rod 
like  the  arc  of  a 
circle,  ao  that  the 
length  of  the  swing 
can  he  varied.  Aa 
the  pendulum  swingB 
from  the  one  aide 
to  the  other,  the  pro- 
jecting pointe,  a,  a, 
knock  over  the  con- 
tact key,  b,  and  tha 
current  is  opened  and 
a  ahock  transmitted 
to  the  muscle.  Tha 
writing-lever  to 
which  the  muscle  ia 
attached  is  usually  a 
heavy  one,  and  a 
style  writes  upon  the 
smoked  surface  of  the 
glass.  Of  ooorae^ 
when  the  pendulum 
Bwings,  it  moves  with 


Fiok's  peodnlnm  mTOgraph,  u  Improved  hy  v.  Eelm- 
holtz  (i^  natnisl  bieb},  ude  moA  front  view  (see  text). 


unequal  velocities  at  different  parts  of  its  course.] 

[When  using  the  pendulum  myograph  to  study  a  mnscnlar  contraction, 
ancange  it  as  in  Fig.  243.  The  frog's  muscle  is  attached  to  a  wridog- 
lever  which  is  very  like  the  lever  in  Fig.  241,  while  the  style  inscribes 
its  morements  on  the  blackened  pUte.    The  pendulom  ia  fixed  in  the 
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«iteh,  C,  IS  thoTii  in  tiie  figaro ;  the  key,  K',  is  dosed  and  placed  is  tba 
primary  eircoit,  irhile  two  wiies  from  the  secondary  coil  of  an  indaction 
naehine  are  attached  to  the  muscle.  When  the  pendulam  swings,  tho 
projecting  tooth,  S,  knocks 
■over  the  eo&taet  at  K',  and 
t>iei^  the  primary  circuit, 
Vhea  a  shock  is  instantly 
transmitted  ihrongh  the 
mosele.  Before  stimnlating, 
allov  the  pendulum  to  swing 
to  obtain  an  abscissa.  The 
tSmeis  recorded  by  avibrating 
tODing-fork,  of  known  rate 
«f  vibration,  eonnocted  with 
•  Dopri's  electric  chrono- 
graph. Depr^'s  chronograph 
is  nerely  a  small  electro- 
tsagnet  with  a  fine  writing- 
«tyle  attached  to  the  magnet, 
vhioh  vibrates  when  it  is 
introdnoed  in  an  dectrical 
'drcoiti,  in  which  is  placed  a 
vilmiting  tnning-fork.  The 
dgnal  vibrates  jost  as  often 
•■  the  tunii^^fbrk.] 


Fig.  24a 
heme  of  the  anuigeiiient  of  the  paidnlvm 
myogmph— B,  bsttery;  I,  primwy,  n, 
■econduy  epind  of  the  tndaotdoii  mAohiDe; 
W,  tooth;  £',  key;  C,  C,  cttchw;  K'  in  the 
oomer,  scheme  of  K' ;  E,  kejr  in  prinuury 
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ISpring  l^Ograph. — This  ii  used  by  du  Bois-Reymond  chiefly  foi  d 
-^"     S  (Elg.  244).     It  ooiuiits  of  M  glu«  plate  fixed  in  »  fruue,  and  n 
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on  two  polished  steel  wires,  stretched  between  the  supports  A  and  B.  At  (  is 
a  tpting,  which  when  it  is  compressed  between  the  upright,  B,  and  the  knob,  b, 
drives  the  glass  plate  from  B  to  A.  As  the  plate  moves  from  one  side  to  the 
other,  a  small  tooth'd,  on  its  under  smrfikce  opens  the  key,  A,  and  thus  a  shock  is 
transmitted  to  the  mnsde.  The  arranipement  otherwise  is  the  same  as  for  the 
pendnlom  myograph.  The  smoked  glass  plate  is  liberated  by  the  projecting  finger 
plate  attached  to  the  upright,  A.] 

[Simple  Myograph  of  Marey. — ^The  gastrocnemias  is  attached  to  & 
horizontal  lever  which  inscribes  its  moyements  on  a  rerolying  cylinder. 
This  form  of  myograph  when  provided  with  two  levers  is  very  useful 
for  comparing  the  action  of  a  poison  on  one  limb,  the  other  being 
unpoisoned.] 

[Ffliiger's  stationary  form,  which  is  simply  a  Helmholtz's  myograph 
(Fig.  241)  arranged  to  record  its  movements  on  a  stationary  glass  plate, 
so  that  the  muscle  merely  makes  a  vertical  Une  or  ordinate  instead  of 
a  curve;  it  thus  merely  indicates  the  height  or  extent  of  the  contraction, 
not  its  duration.] 

A  rapidly  rotating  disc  was  nsed  by  Valentin  and  Bosenthal  for  registering 
the  mosde-cnrTe,  while  Harlees  used  a  plate  which  was  allowed  to  fall  rapidly, 
the  so-called  'Tall-myograph>"  In  all  these  experiments  it  is  neoessaiy  to 
indicate  at  the  same  time  the  moment  of  stimulation. 

As  the  lever  of  the  myograph  has  Yibrations  peculiar  to  itself,  which  complicate 
the  mnsde-cnrye,  the  traction  of  the  muscle  may  be  advantageously  allowed  to 
act  on  a  9pring» 

Contraction  Curve  of  Human  Muscle. — In  man,  another  principle  is 
adopted,  viz.,  to  measure  the  increase  in  thickness  during  the  contraction, 
either  by  means  of  a  lever  or  a  compressible  tambour  (Marey),  such  as 
is  used  in  Brondgeest's  pansphygmograph  (p.  132).  [The  thickemng  of 
the  adductor  muscles  of  the  thumb  may  be  registered  by  means  of 
Marey's  pvnce  myographique.'] 

I  Simple  Contraction. — ^If  a  single  shock  or  stimulus  of  momentary 
duration  be  applied  to  a  muscle,  a  "simple  muscular  contraction**  [or 
shortly,  a  conira/iion^  a  twitch — ^Burdon  Sanderson]  is  the  result,  ie., 
the  muscle  rapidly  shortens  and  quickly  returns  again  to  its  original, 
relaxed  condition. 

Myogram  or  Muscle-Curve. — Suppose  a  single  stimulus  be  applied  to 
a  muscle  attached  to  a  light  writing-lever,  which  Ib  not  "  overweighted  "^ 
with  any  weight  attached  to  it,  then,  when  the  muscle  contracts,  tho 
following  events  take  place : — 

[1.  A  period  or  stadium  of  latent  stimulation  ; 

2.  A  period  of  increasing  energy  or  contraction ; 

3.  A  period  of  decreasing  energy  or  more  rapid  relaxation  ; 

4.  A  period  of  slow  relaxation  or  the  stage  of  elastic  after* 

vibration.] 
The  musde-curve  proper  is  composed  of  2,  3,  and  4. 
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1.  Tlis  latent  period  (Fig.  246,  a,  h — v.  Hdmholts)  conaats  in  this, 
atuA  the  muscle  does  not  b^in  to  contract  predad^  at  the  moment  the 
etimnlnB  is  applied  to  it,  but  the  contraction  occurs  somewhat  later,  ia, 
A  short  bat  measnrsble  interval  elapsee  between  the  application  of  a 


Uiucle-enrTe  produced  by  the  spplioatioii  of  a  dugle  iiidaotioD.ahoektoamiiid»— 
a-/,  iA»rim»;  a-e,  ordinate;  ab,  period  of  Utont  atimnl»tion;  bd,  period 
ot  intTmrinir  energy;  de,  period  of  deoreaaing  energy;  e/,  ebutlo  kfter- 
TihnMcoiB, 

momentary  stimulus  and  the  contraction.  If  the  entire  moscle  be 
stimulated  by  a  momentary  stimulus,  e.g.,  a  single  opening  induction 
shocl^  the  duration  of  the  latent  period  is  about  001  second.  In 
smooth  muscle,  the  latmt  period  may  last  for  sereral  seconds. 

In  oton,  the  latent  period  varis*  between  0'004  and  Oi)!  secnnd.  If  the  experi- 
jnant  be  bo  arranged  that  the  muecle  can  contract  as  atxai  ut  the  stimnlaa  ia 
applied  to  it,  Le.,  before  time  is  lost  in  making  the  mnacle  tsnae;  or,  to  pat  it 
otherwiae,  if  the  mnsde  haa  not  to  "  take  In  alack,"  as  it  were,  the  latent  period 
may  fall  to  O-OM  second  (Gad).  If  the  tnnaole  be  still  attached  to  the  body, 
protected  aa  much  aa  poaaible  from  external  inflnenoea  and  property  anpplied  with 
blood,  the  latent  period  may  be  rednced  to  O-OOS. 

[The  latent  period  ii  shortened  by  an  increaaed  strength  of  the  atimnlns  and  by 
lieat;  -while  &tigne,  cooling,  and  inoreasiug  weight  lengthen  it  (lAuterbaoh, 
Mendelsohn,  Yeo,  Caah).  The  latent  period  of  an  opening  contraation  may  be 
«ren  aa  much  aa  0*04  awond  longer  than  that  of  a  cloalnj:  contractioa.] 

[Althongh  no  change  be  visible  in  a  mnacle  dnring  the  latent  period,  nevaitheless 
we  have  proof  that  aome  change  does  take  place  within  the  mmwle-subatanoe,  for 
-WB  know  that  the  dectrical  cnrrent  of  the  mnacle  is  diminiahed  dnring  this  period, 
or  we  have  what  is  known  aa  the  negative  variaihn  of  the  mnsole-cnirent  (Bem- 
■tun-S  333).] 

[In  meMUring  the  myofp'ani,  all  that  la  reqnired  la  to  know  the  moment  at 
which  the  stimnlDs  waa  applied,  and  to  note  when  the  corre  begins  to  leave  the 
baae  line  or  abscissa,  Baiae  a  vertical  line  from  each  of  theae  points,  and  the 
interral  between  these  lines,  as  meantred  by  the  chronograph,  indioatea  the  time.] 

2.  The  contraction  or  stage  of  increasing  energy,  ie^  bom  the  moment 
the  muscle  begins  to  shorten  until  it  reaches  ite  greatest  degree  of 
contraction  {h  d).  At  first  the  mnsde  contracts  slowly,  then  more 
Tapidly,  and  ^ain  more  slowly,  so  that  the  ascending  limb  of  the  coire 
has  somewhat  the  form  of  an  /.     This  stage  lasts  003-0*04  second. 
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It  IB  flhortar  when  the  contntetion  le  aborter  (veak  sthnnhiB),  and  thfr 
kn  tlM  mri^t  the  muBcle  b«s  to  lift.  It  also  T«ries  viA  tint  ewatm- 
t^ty  of  tbe  moBcle,  being  shorter  in  a  freah,  non-fatigned  imuidft. 

i.  BqridEIcn^ttlo&orBtageotDscreasliigEnsigy. — After  tlifl  Huud» 
has  contracted  np  to  its  maximum  for  any  particular  stimnlns,  it  heffia 
to  rekx — at  flnt  slowl;,  then  rapidl; — and  lastly  more  dawtj,  bo  tlist 
an  inverse  form  of  m  /  is  obtained  {d  e).  Thia  stage  ia  nudly  of 
shorta  dmatioD  tlum  2,  The  dnntion  Tuies  witli  the  stnngA  of  the 
Btimnln,  being  shorter  than  2  with  a  weak  stimulns,  and  Icngtr  with  ft 
strong  stimnloB.  It  also  depends  upon  the  extent  to  whidi  tbe  muscle 
is  loaded  daring  eontiactioin. 

4,  The  fourth  stage  has  rec^TedTarioosnamee— stags  of  eltsOoafter- 
irlbratiDn  [residual  amtradion  or  coniraclion  remainder  (Hermann).  The 
after-vibrations  (e  /),  which  disappear  gradually,  depend  upon  the 
elasticity  of  the  muscle.  The  duration  of  this  stage  is  longest  with  a 
powerful  contraction,  and  when  the  weight  attached  to  the  muscle  ia 
light]. 

If  the  stimulus  be  a|^lied  to  the  motor  nerve  instead  of  to  the  muscle 
itMlf,  the  contraction  is  greater  (Pfliiger),  and  lasts  longer  (Wondt) 
&e  nearer  to  the  spinal  cord  the  stimulus  is  applied  to  the  nerve. 

[Hethod — Faradic  Shocks. — The  time-relations  of  a  muscular  con- 
traction may  be  studied  by  means  of  the  following  arrangement : — 
Attach  a  frog's  gastrocnemius  to  ft 
lever,  as  in  Fig.  246,  and  thronf^ 
the  frog's  muscle  place  two  wirea 
from  the  secondaiy  o(»l  of  an 
induction  machine.  A  seals-pan, 
into  which  weighta  maf  be  phrad, 
may  be  attached  to  Hm  lerar, 
eapeciaUy  if  it  is  one  of  Ite  li^t 
levers  used  by  Marey.  On  lite 
same  support  adjnst  an  electro- 
magnet with  a  writii^-s^k  in 
the  primary  circuit,  and  m  tht» 
circuit  also  place  a  key  (K)  to  open 
and  break  the  current.  Fix  also 
a  Depr^'s  chronograph  to  the  samiv 
anpport,and  make  it  vibrate  by  otm- 
necting  It  in  circuit  with  a  tuning- 
fork  of  known  rate  ot  vibntitni, 
and  driven  by  a  galvanic  batte^. 


^^naDfiaMat  for  ^alnilttifuf  Uio  tiwi*. 
Ml^iODsdnring  oontnotion  of  a  miuale 
l^vdnoed  l:^  a  fandia  shook  —  B, 
kattvy;  K,  fc«f  tn  pgimuy  euonit; 
I,  [KUDaiy,  n,  Moenduy  qondj  I, 
DUUolo-leTer;  e,  electro-magiiBt  in 
I^imaiy  drenit;  f,  dectrio  ligtiali 


BBtherford).  loveis   write    exactly    on*    oMik 
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oUier  OB  the  TOvol?iiig  cylinder.  The  apipttt  lever  leffiien  the 
eantraetioD,  the  electro-nugoet  the  moment  the  stimoliis  is  appUed  to 
tbe  mnsde,  and  the  electrical  chronograph  the  time.] 

Overreighted  ]EnaolM.~The  tompang  mniAa  apply  to  onrTB*  oltbUned  hy 
m  tight  lev«r  oonnected  with  th«  tniucle.  If  the  mii*cl»J«THr  be  "  ovenetiglitad^' 
or  aoaioaded — Lc,  if  the  lever  be  loaded,  lo  that  when  the  miucla  oontnota  ifc 
has  to  lift  these  weights,  the  conne  of  the  oarre  ii  vmriad  ircoording  to  the  weight 
to  be  lifted.  It  is  neceiaary,  howerer,  to  mpport  the  Isrcr  In  the  Interrala  when 
the  laawk  la  at  nit  Aa  the  weight*  are  inomaMd,  the  oooomaoeof  tbaaratrao- 
tlou  la  dalayed*  Thia  ia  dua  to  the  fiust  that  the  nusole^  at  the  TY^ynuwi-^  of 
atitnnlation,  mnat  accimiiilate  a  mach  energy  aa  is  neceasaiy  to  lift  the  weight. 
The  greater  tiie  wught  the  longer  ia  the  time  before  It  ianised.  I^atl j,  tha  mnaale 
ma;  be  ao  "hiaded"  or  "overloaded"  that  it  cancot  oonlTaot  at  all— thia  la  the 
limit  of  the  nntactilar  or  meohmioal  energy  of  the  muscle  (v.  Selmholta), 


Pig.  247. 

attochad  to  a  tnt^ng-foric  (ne  Kg.  67,  p.  ICS}.  Eacdt  vlbra&n  =  ODinS 
Mwond;  AO,  "^latcsitpeiiod;  btt  atageof  inerearing  energy;  c^  of  oeenalfe^ 
energT — H,  The  moat  ra^  writing  morementa  of  the  right  Inndfaiaoribed  m  a 
vibrattng  plate— m.  The  moat  ra^  trant^ng  tetai^  monmotlidttie^f^ 
forevnn  inaorlbed  on  tho  same  ^te, 

Vltlpwj — ^If  a  moBcle  be  canaed  to  (xmtrsct  so  fttqwutlj  ihst  ft 
Iwooina  'faSgutd^  the  latent  pedod  ie  loDger,  ths  cnrre  is  not  bO' 


Fig.  24S. 

ESiwt  on  a  mnade  of  oloaiiig  and  agKaag  a  ocoutant  ontrent-^ 

S,  dodng;  G,  opening  shock  (after  Wnndt). 

high,  becune  the  mflBcnlar  oontzadioD  is  leoB,  and  4lie  ahaoBBa  V  liiqga^ 


650       XFFBCT  OF  VSRATRIN  AND  OTHER  POISONS  ON  MUSCLK 

ie,  the  contraction  ia  slower  and  lasts  longer  (Fig.  247^  I).  Cooling  a 
mosde  has  the  same  effect  (y.  Helmholtz  and  others).  Soltmann  finds 
that  the  fresh  mnsdes  of  new-bom  animals  behave  in  a  similar  manner. 
The  myogram  has  a  flat  apex  and  considerable  elongation  in  the 
descending  limb  of  the  curve. 

Constant  Current — ^If  the  motor  nerve  of  a  mosde  be  stimulated  by  a 
closing  or  opening  shock  of  a  eomtant  current,  ih^  resulting  muscular 
contraction  corresponds  exactly  to  that  already  described.  K,  however, 
the  current  be  closed  or  opened  with  the  muscle  itself  directly  in  the 
circuit  during  the  closing  shock,  there  is  a  certain  degree  of  contraction 
which  lasts  for  a  time,  so  that  the  curve  assumes  the  form  of  Fig.  248, 
where  S  represents  the  moment  of  closing  or  making  the  current,  and  0 
the  moment  of  opening  or  breaking  it  (Wundt-HX>mpare  §  336,  D). 

The  investigatloiui  of  Cash  and  Kronecker  show  that,  indiTidiuJ  mnsdes  bave  a 
special  form  of  mnade-cnrre;  the  omohyoid  of  the  tortoise  contracts  more  rapidly 
thin  the  pectoralis.  Similar  differences  occor  in  the  mnsdes  of  frogs  and 
tnammals.  The  flexors  of  the  frog  oontract  more  rapidly  than  the  extensors. 
Sometimes  within  one  and  the  same  mnsde  there  are  '*red"  (rich  in  glycogen) 
and  ''pale"  fibres  (§  292).  The  red  fibres  contract  more  slowly,  are  less 
exdtaUe,  and  less  easily  fatigned  (Grutzner). 

Poisons. — Very  small  doses  of  eurara  or  quini$ie  (Schtschepotjew)  increase  the 
height  of  the  contraction  (excited  by-stimnlation  of  the  motor  nerve),  while  larger 
doses  diminish  it,  and  finally  abolish  it  altogether.  Ouarudin  has  a  similar  action 
in  large  doses,  bnt  the  maximum  of  contraction  lasts  for  a  longer  time.  Suitable 
doses  of  veratrm  also  increase  the  contractions,  but  the  stage  of  relaxation  is 
greatly  lengthened  (Roesbach  and  Clostermeyer).  Veratrin,  antiarin,  and  digitslin, 
in  2aE»^ff  doses  act  upon  the  sarcons  substance  in  such  a  way  that,  the  contractions 
become  vety  prolonged,  not  unlike  a  condition  of  prolonged  tetanus  (Harless,  1862). 
The  latent  period  of  muscles  poisoned  with  yeratrin  and  strychnin  is  shortened  at 
first,  and  afterwards  lengthened.  The  gastrocnemius  of  a  frog  supplied  by  blood 
containing  soda  contracts  more  rapidly  (Griltzner). 

tVeratrin. — If  a  frog  be  poisoned  witii  yeratrin,  and  then  be  made  to  spring,  it 
does  so  rapidly,  but  when  it  alights  again  the  hind  legs  are  extended,  and  they 
lire  only  drawn  up  afi»r  a  time.  Thus,  rapid  and  powerful  contraction,  with  slow 
imd  prolonged  relaxation,  are  the  character  of  the  movements.  In  a  muscle 
poisoned  with  yeratrin,  the  ascent  ia  quick  enough,  but  it  remains  contracted  for  a 
long  time,  so  that  this  condition  has  been  called  '  *  contracture.  *'  A  single  stimula- 
tion may  cause  a  contraction  lasting  6  to  16  seconds,  according  to  circumstances. 
Brunton  and  Cash  find,  that  cold  has  a  marked  effect  on  the  action  of  yeratrin — 
in  &ct,  its  effect  may  be  permanently  destroyed  by  exposure  to  extremes  of  heat 
or  oold.  The  muscle-curve  of  a  brainless  frog  cooled  artificially,  amd  then  poisoned 
by  yeratrin,  occasionally  gives  no  indications  of  the  action  of  the  poison  until  its 
temperature  is  raised,  and  this  is  not  due  to  non-absorption  of  the  poison.  Cold, 
therefore,  abolishes  or  lessens  the  contracture  peculiar  to  the  yeratrin  curve.] 

Smooth  Muscles. — ^The  muscle -curve  of  smooth  or  non- striped 
muscles  is  similar  to  that  of  the  striped  muscles,  but  the  duration  of 
the  contraction  is  visibly  much  longer,  and  there  are  other  points  of 
tBfference«    Some  muscles  stand  midway  between  these  two,  at  least 
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«8  6r  as  the  duration  of  their  contractions  are  concerned.  The  '^red'' 
muscles  of  rabbits  (p.  653),  the  muscles  of  the  tortoise,  the  adductors 
of  the  common  mussel,  and  the  heart  (p.  109),  all  react  in  a  similar 
manner.  The  muscles  of  flying  insects  contract  extremely  rapidly, 
more  than  100  times  per  second  (H.  Landois). 

Contraction  Remainder.— A  contracted  muscle  assumes  its  original 
length  only  when  it  is  extended  by  sufiGlcient  traction  {e.g.,  by  means 
of  a  weight — ^Kiihne).  Otherwise,  the  muscle  may  remain  partially 
shortened  for  a  long  time  (y.  Hehnholtz,  Schiff).  This  condition  has 
been  called  '^  carUradure"  (Tiegel),  or,  better,  eofUradion  remainder  (Her- 
mann). This  condition  is  most  marked  in  muscles  that  hare  been  pre- 
viously subjected  to  strong,  direct  stimulation,  and  are  greatly  fatigued 
(Tiegel),  which  are  distinctly  acid,  and  ready  to  pass  into  rigor  mortis, 
or  in  muscles  excised  from  animals  poisoned  with  veratrin  (v.  Bezold). 

Bapidity  of  Muscular  Gontractioa — ^In  man,  single  muscular  move- 
ments can  be  executed  with  great  rapidity.  The  time-relations  of 
such  movements  are  most  readily  ascertained  by  inscribing  the 
movements  upon  a  smoked  glass  plate  attached  to  a  tuning-fork.  Fig. 
247,  n,  represents  the  most  rapid  vduniairy  movements  that  Landois 
could  execute,  as,  e,g^  in  writing  the  letters  »,  «,  and  every  contraction 
IS  equal  to  about  35  vibrations  (1  vibration = 0*0161 3  second)  =  00564 
second.  In  HI,  the  right  arm  was  tetanised,  in  which  case  2-2*6  vibra- 
tions occur= 0-0323  to  0*0403  second. 

Pathological. — In  secondary  d^eneration  of  the  spinal  oord  after  apoplexy, 
atrophic  muscular  anchylosis  of  the  limbs  (Edinger),  muscular  atrophy,  progressive 
ataxia,  and  paralysis  agitans  of  long  standing,  the  latent  period  is  lengthened  ;  while 
it  is  ^tcrtened  in  the  contracture  of  senile  chorea  and  spastic  tabes  (Mendelsohn). 
The  whole  curve  is  lengthened  in  jaundice  and  diabetes  (Edinger). 

In  cerebral  hemiplegia,  during  the  stage  of  contracture,  the  muscle-curve  re- 
sembles the  curve  of  a  muscle  poisoned  with  veratrin,  and  the  same  is  the  case  in 
spastic  spinal  paralysis  and  amyotrophic  lateral  sclerosis ;  in  pseudo-hypertrophy 
of  the  muscles,  the  ascent  is  short  and  the  descent  very  elongated.  Li  muscular 
atrophy,  after  cerebral  hemiplegia  and  tabes,  the  latent  period  increases,  while  the 
height  of  the  curve  diminishes.  In  chorea  the  curve  is  short.  (For  the  Bectction  cf 
Degeneration^  see  §  339.) 

In  rare  cases  in  man,  it  has  been  observed  that  the  execution  of  spontaneous 
movements  results  in  a  very  prolonged  contraction  (Thomwn^s  dieeaee), 

IL  Action  of  Two  Successive  Stimuli.— Let  two  momentary  stimuli 
be  applied  successively  to  a  muscle : — (A.)  If  each  stimulus  or  shock  be 
of  itself  sufficient  to  cause  a  rrummal  cordradum  (i.e.,  the  greatest  pos- 
sible contraction  which  the  muscle  can  accomplish),  then  the  effect  will 
vary  according  to  the  time  which  elapses  between  the  application  of  the 
two  stimuli  (a.)  If  the  second  stimulus  is  applied  to  the  muscle  after 
the  relaxation  of  the  muscle  following  upon  the  first  stimulus,  we  obtain 
merely  two  maximal  contraction&     (b,)  U,  however,  the  second  stimulus 
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1)6  BppUed  to  the  nmsde  during  the  time  that  the  effect  of  the  fint  is 
presenty  i.e,y  while  the  musde  is  in  the  phase  of  contraction  or  of  lelasca- 
tion ;  in  this  case,  the  second  stimiilas  causes  a  new  maximal  contrao- 
tion,  according  to  the  time  of  the  particular  phase  of  the  contraction. 
(e.)  When,  lastly,  the  second  stimulus  follows  the  first  so  rapidly  that 
both  occur  during  the  latent  period,  we  obtain  only  one  maTimal  con- 
traction (y.  Helmholtz). 

(B.)  If  the  stimuli  be  not  maximal,  but  only  such  as  cause  a  medivm 
or  sulhfnaxknai  contraction,  the  effects  of  both  stimuli  are  superposed, 
or  there  is  a  mmimaium  of  the  contractions  (Fig.  249).  It  is  of  no  con- 
sequence at  what  particular  phase  of  the  primary  contraction  the  second 
shock  is  applied.  In  all  cases,  the  second  stimulus  causes  a  contraction, 
just  as  if  the  phase  of  contraction  caused  by  the  first  shock  was  the 
natural,  passive  form  of  the  muscle,  ie,,  the  new  contraction  (i,  e)  starta 
from  that  point  as  from  an  abscissa  (Fig.  249,  I,  i).  Thus,  under 
favourable  conditions,  the  contraction  may  be  twice  as  great  as  that 
caused  by  the  first  stimulus.  The  most  favourable  time  for  the  appli- 
cation of  the  second  stimulus  is  ^th  second  after  the  application  of 
the  first  (Sewall).  The  effects  of  both  stimuli  are  obtained  even  when 
the  second  stimulus  is  applied  during  the  latent  period  (v.  Helmholtz). 

m.  Tetanus — ^Rapidly  Occurring  Stimuli — ^If  stimuli,  following  each 
other  with  medium  rapidity,  be  applied  to  a  muscle,  the  muscle  has  not 
sufficient  time  to  elongate  or  relax  in  the  intervals  of  stimulation. 
Therefore,  according  to  the  rapidity  of  the  successive  stimuli,  it  remains 
in  a  condition  of  continued  vibratory  contraction,  or  in  a  state  of  ieiafiu9» 


I  a 

Fig.  248. 

I,  two  snooessiTe  sub^maximal  contractioiis ;  II,  sncoeasiTe  oontractioiiifl  produced 
by  gtimnlAting  a  muscle  with  12  indnotion  diocks  per  seoond ;  m,  cnrye  pro- 
dnced  with  very  rapid  indnotioQ  ahooks. 

Tetanus  is,  however,  not  a  continaous  uniform  condition  of  contraction, 
but  it  is  a  discontinuous  condition  or  form  of  the  mnsde,  depending 
upon  the  Bmmaikn  or  accumulation  of  contractions.    If  the  stimuli  see 
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iqpplied  with  moderate  rapidity,  the  individual  contractions  appear  in 
the  cmye  (Fig.  249  II);  if  they  occur  rapidly,  and  thus  become 
soperposed  and  fosed,  the  curve  appears  continuous  and  unbroken  by 
elevations  and  depressions  (Fig.  249,  III). 

As  a  fiitigoed  musde  contracts  slowly,  it  is  evident  that  such  a  muscle 
will  become  tetanic  by  a  smaller  number  of  stimuli  per  second  than  will 
suffice  for  a  fresh  musde  (Marey,  Fick,  Minot).  All  muscular  move- 
ments of  long  duraiion  occurring  in  our  bodies  are  probably  tetanic  in 
their  nature  (Ed.  Weber). 

The  tetanic  contracttons  which  occttr  normally  in  an  inttiet  body,  are  proved  to 
consiBt  of  a  aeriee  of  sncceBsive  contractions,  because  they  can  give  rise  to  secondary 
tetanus  (§332),  which  may  also  be  caused  by  muscles  thrown  into  tetanus  by 
sti^chnin  poisoning  (Lov^n). 

[Baxt  found  that,  the  simplest  possible  voluntary  contraction — e,g.^ 
striking  with  the  index  finger,  occupies  on  an  average  nearly  twice 
as  long  time  as  a  similar  movement  discharged  by  a  sin^e  induction 
shock.] 

A  continaed  TOluntarj  contraction  in  man,  consists  of  a  series  of  single  contrsc- 
tions  rapidly  following  each  other.  Every  such  movement,  on  being  carefully 
analysed,  consists  of  intermittent  vibrations,  which  reach  their  maximum  when, 
a  peraon  shhrers.  The  requisite  degree  of  shortening  is  obtained  by  the  snmmation 
of  sin^  stImiiH  applied  to  the  slowly  contracting  muscle. 

The  SBnacle-BOiuid  cannot  be  regarded  as  a  certain  proof  of  the  osdllatary 
novemoit  in  tetsnus,  [as  HelmholtK  has  shown  that  this  sound  coincides  with  ill* 
wmygMW  loimd  of  the  ear  (Hering  and  Friedzioh).] 

If  a  mimle  be  onimected  with  a  telephone,  whose  wires  are  brought  fiik> 
4WiiiiiuUi«  wtth  two  needles,  one  placed  in  the  tendon,  and  the  other  in  tte 
■nTMhrnce  of  tiie  maade,  we  hear  a  mmnd  when  the  musde  is  thrown  into  tetania 
irfnoh  pnifCB  tiiat  periodic  vihrstoiy  proeesios  i.e.,  aneoessive  contractians,  ooonr 
in  the  musde  (Bernstein  and  Sch^Snlein). 

The  sound  is  most  distinct  when  the  tetanising  NeeTs  hammer  of  an  induotioii 
aMolnBe  vflmtes  about  M  times  per  second  (Wedenskii  and  Kronaoker). 

The  mimler  of  attmuli  requisite  to  produee  tetanus  varies  in  different 
animals,  and  in  different  muscles  of  the  same  animaL  About  16  stimuli  per 
second  are  required  to  produce  tetanus  in  the  muscles  of  the  frog  (hyogloesus  only 
10,  gastrocnemius  27) ;  very  f eeUe  stimuli  (more  than  20  per  second)  oaase  tetaaua 
(Eronecker);  the  musdes  of  the  tortoise  become  tetsnic  with  2-3  shooks  per 
second;  the  red  musdes  of  the  rabbit  by  10,  the  pale  by  over  20  (Kronecker  and 
Stirlmg);  musdes  of  birds  not  even  -with  70  (Marey);  musdes  of  insects  390-340' 
per  second  (Marey,  Landoia).  Tetanic  stimulation  of  the  musdes  of  the  crayfish 
(astacus),  and  also  in  hydrophilus,  may  cause  rhythmical  contractions  (Richet),  or 
rhythmically  interrupted  tetanus  (Schdnlein). 

[The  red  and  pale  musdes  of  a  rabbit,  as  already  shown,  differ 
stmctorally,  and  also  in  regard  to  their  blood  supply  (p.  619),  They 
also  difhr  physiologically.  When  both  musdes  are  caused  to  contract,, 
by  stfanulatmg  the  sdatic  nerve  with  a  single  induction  shock,  the 
corvee  obtained  are  shown  in  Fig.  250 ;  the  lower  one  from  the  pale. 
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and  the  npper  from  the  red  mnsde.     The  latent  period  u  longer, 
while  the  dontion  of  a  simple  contraction  of  a  red  moacle  is  three 


Fig.  seo. 

Curves  obtuned  from  a  red  (apper)  mi  pale  (lower)  moaalca  of  m  nbUt,  by 
■liinulatiiig  the  acUtio  unre  with  >  dngle  indnctioii  ilioak.  The  lowest 
line,  T,  indioktei  time,  and  is  divided  into  yf,  seoond  (Kroaeoker  and 

Bticling). 

timea  longer  tiban  that  of  a  pale  moacle.  Four  stimuli  per  second 
cause  an  incomplete  tetanns,  and  10  per  second  a  nearly  complete 
tetanus  in  the  red  muscles  of  a  rabbit,  while  the  pale  muscles  require 
20-30  stimuli  per  second,  to  be  completely   tetsnised.      Fig.   251 


Opening  and  clonng  indnotion  shooks  of  300  amts,  applied  at  Intervals  of  i  aeoond 
to  the  pals  (lower)  and  red  (npper)  mniolea  of  a  rabbit.  The  loweit  Un<^  T, 
marks  ^  second  [Eronecker  and  Stirling). 

shows  the  results  produced  by  indaction  shocks  applied    to    both 
muscles  at  intervak  of  ^  second.] 

The  extcot  of  ehortening  In  a  tetanically  contacted  muwle,  within  certain 
limita,  fe  dependent  npou  the  strength  of  the  individual  stimtili — but  not  npon  their 
frequency.  The  contraction  remainder  after  tetanna  is  greater  the  itnmger  the 
otimnli,  the  longer  they  are  applied,  and  the  feebler  ^e  mnscle  used  (Bobr). 
SomeUmea  a  atimnlni  applied  to  a  moacle  immediately  after  tetanus,  produces  a 
greater  effect  than  it  did  before  the  tetanas  (Eoesbacb,  Bohr). 

Doration  of  Tetanns.— A  tetaniaed  mnade  cannot  remun  contracted  to  the 
«ame  extent  for  an  indefinite  period,  even  if  the  stimuli  are  kept  omstant.  It 
gradoally  b^ins  to  elongate,  at  first  somewhat  rapidly,  and  then  more  slowly, 
owing  to  the  oconrrence  of  fatigue.  Ifthetetanlo  stimnlation  is  arrested,  themnsole 
■does  not  r^pdn  its  original  pcaitiou  and  shape  at  (moa,  but  a  contraotton  remainder 
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flxiBtA  fof  A  osrtftlD  *Jwrt*j  fJiia  bong  m(^6  evidcmt  after  stlmnlmtion  with  indnotioD 

0.  Soltnunn  fenad  thit  tlie  pah  mnsolea  of  tmr-bom  rabbits  were  rendered 
tetanio  with  16  itiiniUi  per  lecond,  lO  tiikt  tetaniiB  wh  prodnced  in  tliem  with  th« 
•UU  umnbeE  of  ■hooki  u  in  fatigned  ftdnlt'  mtuclei.  This  may  serve  pMrtly  to 
eiplMii  the  facility  with  which  epums  occur  in  new-born  animals. 

Cnnrised  mnaclei  (oroetimea  pMS  into  tetanni  on  the  application  of  a  momentMy 
stimnlnl  (EOhne,  Bering]. 

IV.  If  twrv  ra|>i(l  buhtction  tAoeb  (224-360  per  Bacond)  be  applied  to  a  mnscle, 
the  tetanus  after  a  to-called  "  imti*l  contnctio)!  "  (Benutein)  may  cease  (Harleas, 
Hwlenhain).  This  occnn  most  readily  when  the  nerree  are  cooled  (t.  Eriea). 
Kfonecker  and  Stirling,  however,  fonnd  that  ttimnll  foUowing  each  other  at 
greater  npldi^  than  24,000  per  second  prodnced  tetanni. 


[Tone-inddctoriom  of  Eronecker  and  Stirling. — This  apparatus 
Fig.  263,  consistB  of  a  rod  of  irOD,  d,  fixed  in  an  iron  npright 
at  a.  The  primary,  s,  and  eecondary  spiral,  s",  rest  on  vooden  sup- 
ports, wliich  can  be  poshed  over  both  ends  of  the  rod.  One  end  of 
the  rod  lies  between  leather  rollers,  /  and  ff,  which  can  be  made  to  rub 
on  the  rod  by  moving  the  toothed  wheels,  A.  In  this  way  a  tone  is 
prodnced  by  the  longitudinal  Tibratioos  of  the  rod,  the  number  of 
vibrations  being  proportional  to  the  length  of  the  rod,  so  that  by  means 
of  this  instmmentwe  can  produce  from  1,000  to  24,000  alternating 
induction  shocks  per  second.] 


T<me-indiictorinin  of  Ennecker  and  Stirling— tl,  iron  rod,  damped  at  a;  «*,  primary, 
i",  Moondary  spiral,  withakey,  i;  leather  nilleT«,/aiidff,  driven l^ toothed 
wheels,  h  (Krcuiecker  and  Stirling), 


[Hg,  253  shows  tetanus  of  the  triceps  femoris  of  a  frog  stimulated 
by  8,000  icdoction  shocks  per  second.] 
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indactioa  ahocki  per  wcoiid. 


299.  Rapidity  of  TransmisBlon  of  &  Muscular 
Contraction. 

1.  If  a  long  muscle  be  Btimatated  ai  one  end,  a  contraction  occnis  at 
that  point,  and  is  rapidly  propagated  in  a  Kave-like  manner  thiougli 
the  whole  length  of  the  moscle,  until  it  reaches  its  other  end.  The 
condition  of  excitement  or  molecular  disturbance  is  communicated  to 
«ach  succeBBiTe  part  of  the  muscle,  in  virtue  of  a  special  conductive 
capadty  of  the  muscle.  The  mean  velocity  of  the  contraction  wave  is 
3-4  metres  per  second  in  the  frog  (Bernstein,  3'869  metres);  rabbit,  4-5 
metres  (Bernstein  and  Steiner);  lobster,  1  metre  (Fr6d6ricq  and 
Tandevelde);  in  smooth  masde  and  in  the  heart,  only  10-15  millimetreB 
per  second  (Engelmann,Marchand — ^p.  101).  These  results  have  refareuce 
only  to  excised  muscles,  the  velocity  of  transmission  being  mnch  greater 
in  the  voluntary  musclee  of  a  living  man — viz.,  10-13  metres  (Hor- 
mann— §  334,  I^. 

Hcthodl. — Aebj  plaosd  writiiig-IeTeTs  npon  both  ends  of  k  miucls,  the  lei«n 
retting  tmuverBely  to  the  direotion  of  the  nmacular  fibna.  The  mntole  was 
stimalated,  and  both  leren  registered  their  movementt,  the  one  directly  orer  Uie 
ctber,  on  a  revolving  oylinder.  On  stimtilatiiig  one  end  of  the  mnsole,  tbe  lerer 
neai'eat  to  thia  point  is  nised  hy  the  contraction  wave,  and  a  little  latet,  tlte  other 
lever.  When  ve  know  the  rate  at  which  the  oylinder  ia  moving,  and  the  diatance 
between  the  two  elevfttioni,  it  is  easy  to  calculate  the  rapidity  of  tranimission  of 


Duration  and  Wave  Length. — The  time,  corresponding  to  the  length 
of  the  abscissa  of  the  muscle^urve  inscribed  by  each  miting-lever,  is 
equal  to  the  duration  of  the  contraction  of  this  part  of  the  mnsde, 
(according  to  Bonstein,  0'063-0-098  second)  If  tins  value  be  multi- 
plied by  the  rapidity  of  transmission  of  the  mowmlar  oontraetion  mvc^ 
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we   obtain  the  tcaw  lengfh  of  tio  eoniraction  icave  (  =  206-380  milli- 

metreB). 


Fig.  264. 
Dpper  two  cnrrei,  2  tmd  1,  obtained  from  k  rabbit's  mnacle  by  the  above  arrange- 
ment ;  the  loirs  two  onrres,  fnna  the  Mme  mnacle,  -whsn  It  wm  Mxdsd  by 

[Fig.  254  ahom  tha  effect  o£  eald  «■  the  nmsola  of  a  rabbit,  in  delaying  the 
ooatractdon  wave.  There  ia  a  longer  diitance  between  1  and  2  in  the  lowai  than 
in  the  npper  cnrvM.] 

ICodiQ^ing  InfliuitcoB. — Gold,  ffttigao,  approaching  deatii,  and  nuuiy 
poisoos  d'"''"''''^'  the  relocity  and  the  height  (tf  the  contraction  wave 
(Fig.  25i),  while  the  strength  of  the  etimiilns  and  the  extent  to  vhich 
the  mnscle  is  loaded  are  without  any  effect  upon  the  velocity  of  the 
ware  (Aeby).  In  excised  muscles,  the  dze  of  the  wave  diminiahea  as 
it  passes  along  the  muscle  (Bernstein),  but  this  is  not  the  case  in  the 
muBcIea  of  living  men  and  animals.  The  contraction  wave  never 
passes  from  one  mnacnlar  fibre  to  a  aeighboanng  fibre. 

2.  If  a  long  mnsde  be  atimnlated  loadly  •axar  its  middle,  a  contradion 
wave  is  propagated  towards  both  enda  of  the  mascle.  If  several  pointi 
be  stimulated  simultaneously,  a  wave  movement  sets  out  from  ead^ 
the  waves  passing  over  each  otlier  in  their  course  ■  (Schiff). 

3.  If  a  admulns  be  applied  to  the  motor  nerve  of  a  rand^  aa 
impulse  is  communicated  to  every  muscular  Jibre ;  a  contraction  wave 
begins  at  the  end-organ  [motorial  end-plate],  and  must  be  propagated 
in  both  directions  along  the  muscular  fibres,  whose  lengttt  is  only 
3-4  centimetres.  As  the  length  of  the  motor-fibres  from  the 
nerve-tnmk  to  whero  they  terminate  in  the  motorial  end-plates  is 
unequal,  contraction  of  all  the  muscular  fibres  cannot  tahe  place 
absolutely  at  the  same  moment,  as  the  nerve  impnlse  takes  a  certain 
time  to  travel  along  a  nerve.  Nevertheless,  the  difference  is  so  small 
that,  when  a  mascle  is  caused  to  contract  by  stimulation  of  its  motor 
nerve,  practically  the  whole  nmsde  i^ears  to  contract  Bimultaneoosly 
^^Tl^  at  once, 

4.  A  ecmplete,  vn^orm,  momeaiary  cmirae&m  ^  all  t^  fibnt  of  a 
moBcle  am  only  take  place,  when  all  the  fibres  ue  excited  i^  the  aame 
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moment  This  occurs  when  the  electxodee  are  placed  at  both  ends  of 
the  musde,  and  an  electrical  stimulos  of  momentary  duration  passes 
through  the  whole  length  of  the  muscle. 


300.  Muscular  Work. 


<^ 


Muscles  are  most  perfect  machines,  not  only  because  they 
make  the  most  thorough  use  of  the  substances  on  which  their  activity 
depends  (p.  448),  but  they  are  distinguished  from  all  machines  of 
human  manufacture  by  the  fact  that,  by  frequent  exercise  they  become 
stronger,  and  are  thereby  capable  of  accomplishing  more  work  (da 
Bois-Beymond). 

The  amount  of  work  (W)  which  a  muscle  can  perform  (see  p.  zziii.) 
is  equal  to  the  product  of  the  weight  lifted  (p)  and  the  height  to  which 
it  is  lifted  (A),  ie.,  W^ph.  Hence,  it  follows  that  when  a  muscle  is 
not  loaded  (where  j'=0),  then  w  must  be  =0,  i.e.,  no  work  is  per- 
formed. If,  again,  it  be  oyerloaded  with  too  great  a  load,  so  that  it  is 
unable  to  contract  (A=0),  here  also  the  work  is  nil.  Between  these 
two  extremes,  an  active  muscle  is  capable  of  doing  a  certain  amount  of 

L  Work  with  Maximal  Stimulation. — JFhen  the  strongest  passible,  or 
maximal,  stimulus  is  appUed,  Le.,  when  the  strength  of  the  stimulus 
is  such  as  to  cause  a  muscle  to  contract  to  the  greatest  possible  extent 
of  which  it  is  capable,  the  amount  of  work  done  increases  more  and 
more  as  the  weight  is  increased,  but  only  up  to  a  certain  maximum. 
If  the  weight  be  graduaUy  increased,  so  that  it  is  lifted  to  a  less  height, 
the  amount  of  work  diminishes  more  and  more,  and  gradually  falls  to 
be  =  0,  when  the  weight  is  not  lifted  at  alL 

The  foUovring  example  of  the  work  done  by  a  frog's  muscle,  given  by  Ed. 
Weber,  iUnstrates  this  law : — 


Weight  Lifted  in  OnnuuM. 

Height  in  MlUimetreB. 

Work  Done  in 

5 
16 
25 
30 

27-6 
251 
11-45 
7-3 

138 
376 
286 
220 

[Suppose  a  musde  to  be  loaded  with  a  certain  number  of  granunes> 
and  then  caused  to  contract,  we  get  a  certain  height  of  contraction. 
Fig.  255  shows  the  result  of  an  experiment  of  this  kind.  The  vertical 
lines  represent  the  height  to  which  the  weights  (in  grammes)  noted 
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under  them  were  raised,  ao  that^  as  a  role,  as  the  weight  increases^  the 
height  to  which  it  is  raised  decreases.] 


50 


100 


uo 


200 


250  gmmmea^ 
Fig.  255. 
Height  to  •which  each  of  the  weights  b  xaised. 

Laws  of  Hnscnlar  Work. — 1.  A  muscle  can  lift  a  greater  load,  the 
larger  its  transverse  section,  i.e,,  the  more  fibres  it  contains  arranged 
parallel  to  each  other  (Eduard  Weber,  1846). 

2.  The  longer  the  muscle,  the  higher  it  can  lift  a  weight  (Job. 
Bernoulli,  1721). 

3.  When  a  muscle  begins  to  contract,  it  can  lift  the  largest  load ;  as 
the  contraction  proceeds  it  can  only  lift  less  and  less  loads,  and  when 
it  is  at  its  maximum  of  shortening,  only  relatively  very  light  loads  (Th. 
Schwann,  1837). 

4.  By  the  term, « absolute  muscular  force,"  is  meant,  according  to 
Ed.  Weber,  just  the  weight  which  a  muscle  undergoing  mayimal 
stimulation  is  no  longer  able  to  lift  (the  muscle  being  in  its  normal 
resting  phase),  and  without  the  muscle  at  the  moment  of  stimulation 
bdng  elongated  by  the  weight. 

Jnaeets  can  perf onn  an  extraordinary  amount  of  work — an  insect  can  drag  along 
nxty-aeven  times  its  body-weight;  a  horse  acaxcely  three  times  its  own  weight. 

5.  During  ieiainus,  when  a  weight  is  kept  suspended,  no  work  is  done 
as  long  as  the  weight  is  kept  suspended,  but  of  course  work  is  done  in 
the  act  of  lifting  the  load.  To  produce  tetanus,  successive  stimuli  are 
required,  the  muscular  metabolism  is  increased,  and  fatigue  rapidly 
occurs.  The  potential  energy  in  this  case  is  converted  into  heat 
(§  302). 

When  a  mnsole  is  stinralated  with  a  maxkncd  ttkntUus,  it  cannot  lift  so  great  a. 
weight  with  one  contraotion  as  when  it  is  stimnlated  tetanically  (Hermann).  The 
energy  evolved,  eyen  dnring  tetanus,  is  greater  the  more  frequent  the  stimulation 
(Bernstein),  at  least  up  to  100  stimuli  per  second. 

IL  Medium  Stimuli — K  a  muscle  be  caused  to  contract  by  stimuli 

of  moderate  strength,  i.e,,  such  as  do  not  cause  a  Tna-rimal  contraction, 

there  are  two  possibilities :  Either  the  feeble  stimulus  is  kept  constant 

10 
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whilst  the  load  is  varied,  in  which  case  the  amonnt  of  work  done  follows 
the  same  law  as  obtains  for  maximal  stimulation ;  or,  the  load  may  be 
kept  the  same,  whilst  the  strength  of  the  stimulus  is  varied.  In  the 
latter  case,  Fick  observed  that  the  height  to  which  the  load  was  lifted 
increased  in  a  direct  ratio  with  the  strength  of  the  stimulus. 

The  blood-stream  within  the  muscles  of  an  intact  body  is  increased 
during  muscular  activity.  The  blood-vessels  of  the  muscle  dilate,  so 
that  the  amount  of  blood  flowing  through  them  is  increased  (Ludwig 
and  Sczelkow).  At  the  time  that  the  motor-fibres  are  excited,  so  also 
are  the  vaso-dilator  fibres,  which  lie  in  the  same  nervous  channels 

(§  294,  n.). 

[Gaskell  found  that  faradisation  of  the  nerve  of  the  mylohyoid  muscle 
of  the  frog,  not  only  caused  tetanus  of  the  muscle,  but  also  dilatation  of 
its  blood-vessels.] 

Testing  Individual  Muscles.— In  estimatmg  the  ahaoltUe  force  of  the  indi- 
vidual muscles  or  groups  of  muscles  in  man,  we  must  always  pay  particular 
attention  to  the  physical  relations— i.e.,  to  the  arrangement  of  the  levers,  direction 

of  the  traction,  degree  of  short- 
ening, &C.  (§  306). 

I)ynamometer.— The  abso- 
lute force  of  certain  groups  of 
muscles  is  very  conveniently  and 
practically  ascertained  by  means 
of  a  dynamometer  (Fig.  266). 
This  instrument  is  very  useful 
for  testing  the  difference  between 
the  power  of  the  two  arms  in 
cases  of  paralysis.  The  patient 
grasps  the  instrument  in  his  hand 
and  an  index  registers  the  force 
exerted. 
Quetelet  has  estimated  the  force  of  certain  muscles— the  pressure  of  both  hands  of 
a  man  to  be  =  70  kilos. ;  while  by  pulling  he  can  move  double  this  weight.  The  force 
of  the  female  hand  is  one-third  less.  A  man  can  cany  more  than  double  his  own 
weight;  a  woman  about  the  half.  Boys  can  cany  about  one-third  more  than 
girls.  [Very  convenient  dynamometers  are  made  by  Salter  of  Birmingham,  both 
for  testing  the  strength  of  puU  and  squeeze;  in  testing  the  former,  the  instrument  is 
held  as  an  archer  holds  his  bow  when  in  the  act  of  drawing  it,  and  the  strength  of 
pull  is  given  by  an  index;  in  the  latter,  another  form  of  the  instrument  is  used. 
Large  numbers  of  observations  were  made  by  means  of  these  instruments  by 
Francis  Galton  at  the  Health  Exhibition.] 

Amount  of  Work  Daily. — ^In  estimating  the  work  done  by  a  man,  we  have  to 
consider,  not  only  the  amount  of  work  done  at  any  one  moment,  but  how  often 
time  after  time,  he  can  succeed  in  doing  work.  The  mean  value  of  the  daily  work 
of  a  man,  working  eight  hours  a  day,  is  10  (10'6  to  11  at  most)  kilogramme-metres 
per  second— t.e.,  a  daily  amount  of  work  =  288,000  (900,000)  kilogramme-metres. 

Modifying  Conditions. — Many  substances,  after  being  introduced  into  the 
body,  diminish,  and  ultimately  paralyse  the  production  of  work— mercury,  digi- 
talin,  helleborin,  potash  salts,  &c.  Others  increase  the  muscular  activity- 
veratrin  (Rossbach),  glycogen,  muscarin  (Elug  and  Fr.  Hogyes),  kreatin,  and 
faypoxanthin ;  extract  of  meat  rapidly  restores  the  muscles  after  fatigue  (Kobert). 


Fig.  256. 
Dynamometer  of  Mathieu. 
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301.  The  Elasticity  of  HuBcle. 

niytinl. — Every  elutlo  body  his  its  "  n&tanl  shape  " — l.e.,  its  shape  when  no 
extBDkl  force  (tension  or  preanire)  acta  upon  It  so  m  to  diitort  It,  Thus,  the 
puaive mneole  has  a  "natural  fdrm."  If,  however,  a  mnsole  be  extended  in  the 
«eQne  of  its  fibree,  the  parts  of  the  mnsole  are  evidently  pnlled  asunder.  If  tlie 
jtretohing  be  carried  only  to  a  oertain  di^iee,  the  mnade,  in  virtoe  of  its  elastioity, 
will  r^ain  its  natural  form.  Snch  a  body  u  said  to  potMsB  "  eomptOe  eiattidty  " 
— >.&,  after  being  etretohed,  it  retains  exactly  ita  original  shape.  By  the  term 
*"  amount  qf  eiatlkiiy "  {modidiu)  is  meant  the  weight  (expressed  in  kilogrammes) 
nrnnMiry  to  extend  an  elaatio  body  I  O  millimetie  in  diameter,  its  own  length, 
srithont  the  body  breaking.  Of  oonrM,  many  bodies  are  mptorad  before  this  oooote. 
For  a  paadve  mnsole  it  ia  =  0-2734  (Wnndt),  [that  of  bone  =  2261  (Werth^m), 
tendon  =  1-6693,  nerve  =  1-0906,  the  arterial  walU  =  0-0726  (Wnndt).]  Thns, 
the  amoont  of  elasticity  of  a  passive  mnsde  ia  small,  as  it  raqolres  only  a  light 
■tratobfaig  fOToe  to  extend  it  to  its  own  length.  It  has,  therefore,  no  great 
amonnt  of  elaatid^.  Tha  tenn  "eo^fiaent  qf  ekutieily"  is  applied  to  the  frac- 
tiim  of  the  langth  of  an  elastio  body,  to  whioh  it  is  elongated  by  the  nnit  of 
wnght  applied  to  stretoh  it.  It  is  laiffe  in  a  paaaiva  mnscle.  If  the  tendon  be 
eofflmently  great,  the  elaatio  body  mptorea  at  last.  The  "  cortyi'V  o^f^  "  of 
mnsonlar  tissue,  nntil  it  rnptorea,  is  in  the  following  ratloe  for  yoath,  middle,  and 
old  age,  nearly  7:3:2. 

Cnrve  of  Elastldty. — In  inorganic  elastic  bodies,  the  line  of  elonga- 
tion, or  the  extension,  is  dw-ecUy  proportvmai  to  the  extmdmff  weight;  in 
organic  bodies,  and  therefore  in  muscle,  this  is  not  the  case,  as  the 
iraght  is  continnally  increased  by  equal  increments — ^the  mnsde  is 
less  extended  than  at  the  b^inning,  so  that  the  extension  is  furf 
pn^oriUmat  to  the  weight.  If  equal  vreights  be  added  to  a  scal&-paa 
attached  to  a  piece  of  india-mbber  with  a  writing-leTer  connected  with 
it,  and  writing  its  movements  on  a  plate  of  glass  that  can  be  moved 
with  the  hand,  we  get  such  a  cnrre  as  in  Elg.  257, 1;  while,  if  the 
same  be  done  with  the  sartoriua  of  a  &og,  we  get  a  result  similar  to 
Fig,  267,  n.    A  straight  line  joins  the  ajnces  of  the  fonner,  while  the 


L  Pig.  257-  n. 

dare  of  eUstioity— I,  from  an  inorgaido  body  like  india-mbber;  and  n,  from  the 
■artorios  of  a  frog  obtuned  by  adding  eqnal  inorementa  of  weight  at  A,  B,  C, 
D,  etc  (after  Marey). 

•carve  of  elasticity  is  a  hyperhota,  or  something  near  it,  in  the  latter  case. 

Elastic  After-Effect.— At  the  same  time,  after  the  first  elongation, 
corresponding  to  the  extending  weight,  is  reached,  the  mnsde  may 
nmiun  for  days,  and  even  weeks,  somewhat  elongated     This  is  called 
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the  "  elastic  afUr-effed  "  (p.  126).  [Marey  attached  a  lerer  to  a  frog;'* 
mnecle,  and  allowed  the  latter  to  record  its  moTements  on  a  slowly 
revolrmg  cylinder.  To  the  lem  waa 
fixed  a  vessel  into  which  mercoiy  slowly 
flowed.  This  extended  the  muscle^  and 
when  it  had  ceased  to  elongate,  the  mn- 
cniy  vaa  allowed  slowly  to  ran  out  again. 
The  carve  obtiuned  is  shown  in  Fig.  268. 
The  abecisste,  o,  x  and  if,  indiode  the 
position  of  the  writing-style  befwe  and 
~^  -g.  after  the  experiment,   and   we  obeerre 

Curve  ot  el-tidty  prMn^d  by    **«''«'   *«  ^'"^'^  than   0,  Z,  SO  that  the 
the  oontmitcnu  eztanaion  and    recoil  IS    imperfeoL       There   has    been 
recoil  of  a  frog^  mtucle;  o,  x,    an  actnal  elongation  of  the  mosde,  so 
"^    ~^«,*******'  *''"""''    that  the   limit  of  its   elasticity  is  ex- 
ceeded.  Although  a  fro^s  gastrooienuna 
may  be  loaded  with  1,000  grammes  wiUiont  rupturing  it,  100  grammes 
will  prevent  it  r^j^ning  ite  original  length.] 

Xethod.— In  order  to  test  the  elattidty  of  a  mnecle,  fix  it  to  a  *apt>ort 
provided  with  a  graduated  Ktde,  and  to  the  lower  end  ot  the  mnscle  attad  & 
aoale-pan  into  whidt  are  placed  Tarioiia  weights,  meannring  on  each  oocmoo 
tliB  correipondiiig  alr,ngt.i^iw,  ^  the  mnicle  therabj  obtained  (Ed.  Weber^ 
In  order  to  obtain  tlie  curve  <if  eioKgalioit,  take  as  abacissee  the  anocestiTe  unit!  of 
weight  added,  and  the  elongatioQ  corresponding  to  each  weight  aa  ordinatea. 

The  elastlcl^  of  pasBive  mnscle  is  amaU,  bnt  very  compleie,  and  i» 
comparable  to  that  of  a  caoutchouc  fibre.  Small  weights  greatly 
elongate  the  muscle.  If  the  weights  be  uniformly  increased,  there  ta 
not  a  uniform  elongation ;  with  equal  increments  of  weight,  the  greater 
the  load,  the  increase  in  elongation  always  becomes  less ;  or,  to  expresa 
it  in  another  way,  the  amount  of  elasticity  of  the  pasBive  muscls 
increases  witli  its  increased  extension  (Ed.  Weber). 

The  {bllowing  erample  from  the  h jogloaBOB  of  the  frag  tbawa  Qm  relation : — 


Weight  In  QiunuL 

.«— <- 

^"SiSto'eSr^ 

IDWUIMIM. 

PWMIIWL 

0-3 

249 

1-3 

30-0 

61 

20 

2-3 

32-3 

8-3 

7 

3-8 

834 

1-1 

3 

4-3 

34-2 

0-8 

2 

W 

34fl 

0-4 

> 
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in  iaoTganic  bodies,  the  onrre  of  extenrion  is  a  straiglU  line,  but  in 
oiganic  bodies,  it  more  closely  resembles  a.  hyperbola  (Wertheim)^ 
Tba  alaaticity  of  a  passive  faiigv>ed  musde  does  not.  di£Gar  esseotiaUj 
from,  that  of  a  non-fatigaed  mosde. 

MnscleB  in  the  liying  body,  and  still  in  oonnecUcm  with  their  nerres  and  blood- 
'VBSsels,  are  more  extensible  than  excised  ones.  Musdes,  when  quite  fresh,  ac9 
•elongstod  (within  certain  small  limits  as  regards  the  weight)  at  first  with  a 
nnifarmly  increasing  weight,  to  an  extent  proportional  to  the  latter,  just  as  wxtlr 
«n  inorganic  body.  When  heavy  weights  are  used,  we  most  be  careful  to  tako 
into  oooaideration  the  ** eUuUc  after-effect''  (p.  126— Wundt). 

The  voKwme  of  a  stretched  muscle  is  slightly  less  than  an  mistretched  one,  similar 
to  the  contracted  (§  207,  2)  and  stiffened  mnsde  Cp.  639). 

]}ead  muscles  and  mnsdes  in  figor  mortis  have  greater  elastioity — i.e.,  thqr 
veqnire  a  heavier  weight  to  stretch  them — ^than  fresh  muscles ;  but,  on  the  other 
band,  the  elasticity  of  dead  muscles  is  less  complete — t.e.,  after  they  are  stretched 
^ey  only  recoYcr  their  original  form  within  certain  limits. 

Slasticity  of  Intact  Mascles. — Normally,  within  the  body,  the  musdes 
are  stretched  to  a  very  slight  extent,  as  can  be  shown  by  the  slight 
degree  of  retraction  which  occurs  when  the  insertion  of  a  muscle  is 
divided.  This  slight  degree  of  extension,  or  stretching,  is  important. 
If  this  were  not  so,  when  a  muscle  is  about  to  contract,  and  before  it 
could  act  upon  a  bone  as  a  lever,  it  would  have  to  take  in  so  much 
4slack.  The  elasticity  of  muscles  is  manifested  during  the  contraction 
of  antagonistic  muscles.  The  position  of  a  passive  limb  depends  upon 
the  resultant  of  the  elastic  tension  of  the  different  muscle  groups. 

The  elasticity  of  an  active  muscle  is  less  than  that  of  a  passive 
muscle,  f.e.,  it  is  elongated  by  the  same  weight  to  a  greater  extent  than 
a  passive  muscle.  For  this  reason,  the  active  muscle,  as  can  be  shown 
in  an  excised  contracted  muscle,  is  softer;  the  apparently  great  hardnesB 
manifested  by  stretched  contracted  muscles  depends  upon  their  tension. 
When  the  active  muscle  becomes  fatigued,  its  elasticity  is  diminished 
<p.  668). 

Method. — ^Ed.  Weber  took  the  hyoglossus  muscle  of  a  frog  and  suspended  it 
verticaUy,  noticing  its  length  when  it  was  passive.  It  was  then  tetanised  with 
induction  shocks,  and  its  height  again  noted.  One  after  the  other  heavier  weights 
were  attached  to  it,  and  the  length  of  the  passive  and  tetanised  muscle  observed 
for  each  weight.  The  extent  to  which  the  active  loaded  muscle  shortened  from  the 
position  of  the  passive  loaded  muscle  he  called  the  **height  of  the  l\ft'*  (or  HvhhOh^, 

The  latter  becomes  less  as  the  weight  increases,  and  lastly,  the  tetamsed  musde 
may  be  so  loaded  that  it  cannot  contract,  t.e.,  the  height  of  the  lift  i8=0. 

Weber's  Paradox. — The  case  may  occur  where,  when  a  muscle  is  so  loaded  that^ 
it  cannot  oontraet  when  it  is  stimulated,  it  may  even  elongate.  According  to  Wundl^ 
•even  in  this  oondition  the  elasticity  is  not  changed.  [The  usual  explanation  givea 
is  tbat^  as  the  elasticity  of  a  muscle  is  diminished  during  contraction,  it  is  more 
eztendied  with  the  same  weight  in  the  contracted  as  compared  with  the  passive  or 
vnoootraetod  state,  so  that  a  heavily  weighted  musde,  when  sthnnlaitad,  muf 
#1nngaite  instead  of  ihoadcmiiig]. 
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FoisOllf.— Potash  causes  shorteniiig  of  a  mnsde  with  simnltaneoiis  increase  of 
its  elasticity.  Digitalin  produces  other  changes  with  increased  elasticity* 
Fhysofltigmin  increases  it,  while  veratrin  dimimshes  it,  and  interferes  with  its 
oompleteneBS  (Bossbsch  and  t.  Anrep),  and  tannin  makes  a  muscle  less  extensible, 
but  more  elastic  (Lewin).  ligatm  of  the  blood-vessels  produces  at  first  a 
decrease,  and  then  an  increase  of  the  elasticity;  section  of  the  motor  nerve 
diminishes  the  eUstidiy  (v.  Anrep). 

Edoard  Weber  concluded  from  his  experiments,  that  a  mufida 
assumes  two  forms,  the  active  and  the  passive  form.  Each  of  these 
corresponds  to  a  special  natural  form.  The  passive  muscle  is  longer 
and  thinner — ^the  active  is  shorter  and  thicker  in  form.  The  passive 
as  well  as  the  active  muscle  strives  to  retain  its  form.  If  the  passive 
mnsde  be  set  into  activity,  the  passive  rapidly  changes  into  the  active 
form,  in  virtue  of  its  elastic  force.  The  latter  is  the  energy  which 
causes  muscular  work.  Schwann  compared  the  force  of  an  active 
muscle  to  a  long,  elastic,  tense  spiral  spring.  Both  can  lift  the  greatest 
weighty  only  from  that  form,  in  which  they  are  most  stretched.  The 
more  they  shorten,  the  less  the  weight  which  they  can  lift 

302.  Formation  of  Heat  in  an  Active  Muscle* 

After  Bunzen,  in  1805  (§209,  1,  b\  showed  that^  during  muscular 
activity,  heat  is  evolved,  v.  Helmholtz  proved  that  an  excised  frog's 
muscle,  when  ietanised  for  2-3  minutes,  caused  an  increase  of  its  tempera- 
ture of  0*14''-0*18''C.  B.  Heidenhain  succeeded  in  showing  an  increase 
of  0*001''-0'005''G.  for  each  single  contradion.  The  heart  is  warmed 
during  every  systole  (Marey). 

[Xethod. — The  rise  in  temperatnre  of  a  frog's  mnsde  may  be  estimated  by 
placing  the  two  gastrocnemii  of  a  frog's  mnsde  on  the  two  junctions  of  a  thermo- 
dectric  pile,  connected  with  a  heat  galvanometer.  Of  course,  when  the  two 
mnsdes  are  at  the  same  temperatnre,  the  needle  of  the  galvanometer  is  stationary; 
bnt,  if  one  mnsde  be  made  to  contract,  or  is  tetanised,  then  an  deotrical  cnrrent  is 
set  np  which  deflects  the  needle  ( §  208,  B).] 

The  following  facts  have  been  ascertained  with  regard  to  the 
development  of  heat: — 

1.  Relation  to  WorL — ^It  bears  a  relation  to  the  amount  of  work. 

(a.)  If  a  musde  during  contraction  carries  a  weight  which  extendi 
it  again  during  rest,  no  work  is  transferred  beyond  the  musde  (§  300). 
In  this  case,  all  the  chemical  potential  energy  during  this  movement  is 
converted  into  heat  Under  these  circumstances,  the  amount  of  heat 
evolved  runs  parallel  with  the  amount  of  work  done,  Le,,  it  increases 
as  the  load  and  the  height  increase  up  to  a  maximum  point,  and  after^ 
wards  diminishes  as  the  load  is  increased.  The  heat  maximum  ia 
readied  with  a  less  load  sooner  than  the  work  maximum  (Heidenhain). 


HEAT  FOBMATION  IN  BELATION  TO  TENSION  AND  STRETGHINa   666 

(5.)  If  when  the  muscle  is  at  the  height  of  its  contraction,  the  load 
le  removed^  then  the  musde  has  produced  work  referable  to  something 
outside  itself;  in  this  case,  the  amount  of  heat  produced  is  less  (A.  Fick). 
The  amount  of  work  produced,  and  the  diminished  amount  of  heat 
formed,  when  taken  together,  represent  the  same  amount  of  energy, 
corresponding  to  the  law  of  the  conservation  of  energy  (p.  xxv.). 

(cl)  n  the  same  amount  of  work  is  performed  in  one  case  by  many 
but  small  contractions^  and  in  another  by  fewer  but  larger  contractions, 
then  in  the  latter  case,  the  amount  of  heat  is  greater  (Heidenhain  and 
NawaUchin).  This  shows  that  larger  contractions  are  accompanied  by 
a  relatirely  greater  metabolism  of  the  muscular  substance  than  small 
contractions,  which  is  in  harmony  with  practical  experience;  thus,  the 
ascent  of  a  tower  with  steep  high  steps  causes  fatigue  more  rapidly 
(metabolism  greater)  than  the  ascent  of  a  more  gentle  slope  with 
lower  steps. 

(({.)  If  the  weighted  muscle  executes  a  series  of  contractions  one 
after  the  other,  and  at  the  same  time  does  work,  then  the  amount  of 
heat  it  produces  is  greater  than  when  it  is  tetanic,  and  keeps  a  weight 
suspended.  Thus,  the  transition  of  the  muscle  into  a  shortened  form 
causes  a  greater  production  of  heat  than  the  maintenance  of  this  form 
(A.  Kck). 

2.  Relation  to  Tension. — ^The  amount  of  heat  evolyed  depends  upon 
the  tefnsion  of  ihe  muscle;  it  also  increases  as  the  muscular  tension 
increases  (Heidenhain).  If  the  ends  of  a  muscle  be  so  fixed  that  it 
cannot  contract,  the  maximum  of  heat  is  obtained  (Bdclard).  Such  a 
condition  occurs  during  tetanus,  in  which  condition  the  violentiy  con- 
tracted muscles  oppose  each  other.  Veiy  high  temperatures  have 
been  registered  by  Wunderlich  in  this  condition  (p.  440),  and  the  same 
is  true  of  animals  that  are  tetanised  (Leyden).  Dogs  kept  in  a  state 
of  tetanus  by  electrical  stimulation  die,  because  their  temperature  rises 
so  high  (44''-45*'G.)  that  life  no  longer  can  be  maintained  (Bichet). 
In  addition  to  this  great  formation  of  heat,  there  is  a  considerable 
amount  of  add,  and  of  alcoholic  extractives  produced  in  the  muscular 
tissue. 

3.  Relation  to  Stretching. — ^Heat  is  also  evolved  during  the  dongaiion 
or  relaxation  of  a  contracted  muscle,  e.^.,  by  causing  a  muscle  to 
contract  without  the  addition  of  any  weight,  and  loading  it  when  it 
begins  to  relax  (Steiner,  Schmulewitsch  and  Westerman),  whereby 
heat  is  produced. 

4.  The  formation  of  heat  diminishes  as  the  muscular  fatigue  increases 
(A.  Kck). 

The  amount  of  work  and  heat  in  a  muscle  must  always  correspond  to  the  trans- 
formation of  an  equivalent  amoant  of  chemical  energy.    A  greater  part  of  this  energy 
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ii'manifeBted  as  workt  the  greater  the  zedstamcei  th«t  ia  ofiezed  to  the  mtuenlar 
oontnction.  When  the  reeistanoe  is  great,  ^  of  the  chemical  energy  may  be 
manifested  as  work,  bat  when  it  is  small,  only  a  small  part  of  it  is  so  oonverted 
(A«  Flck,  Harteneofc). 

Jik  was  stated  that  a  nerra  in  action  ia  ^°  C  mmner  (Valentin),  bat  this  is 
denied  by  y,  Helmholtz  and  Heidenhain. 

303,  The  Muscle-Sound 

ITascle-SoancL — ^When  a  musde  contracts,  and  is  at  the  same  time 
kept  in  a  state  of  tension  by  the  application  of  sufficient  resistance, 
it  emits  a  distinct  sound  or  tone,  depending  upon  the  intermittent 
yariations  of  tension  occurring  within  it  (WoUaston). 

The  mosole-soond  was  known  to  Swammerdam,  Eoger,  Haller,  Gzimaldi  and 
others. 

Methods- — The  mnscle-soond  may  be  heard  by  placing  the  ear  over  tlie 
tetanically  contracted  and  tense  biceps  of  another  person ;  or  we  may  insert  the 
tips  of  oar  index  fingers  into  oar  ears,  and  forcibly  contract  the  masdes  of  oar  arm; 
or  the  soand  of  the  moscles  that  close  the  jaw  may  be  heard  by  forcibly  contracting 
them,  especially  at  night  when  all  is  still,  and  when  the  oater  ears  are  dosed. 
V.  Helmholtz  found  that  this  tone  coincides  with  the  resonance  tone  of  the  ear,  and 
he  thought  that  the  vibrations  of  the  muscles  caused  this  resonance  tone.  The 
soond  of  an  isolated  frog's  mosde  may  be  heard  by  placing  one  end  of  a  rod  in  the 
ear,  the  other  ear  being  closed.  To  the  other  end  of  the  rod  is  attached  a  loaded 
frog's  muscle  kept  iu  a  tetanic  condition. 

The  pitch  of  the  note,  ie.,  the  number  of  Yibrations,  may  be  estimated  by  com- 
paring the  musde-soond  with  that  produced  by  elastic  springs  vibrating  at  a  known 
rate. 

When  a  muscle  contracts  roluntarily,  i.e,,  through  the  will,  it  makes 
19*6  vibrations  per  second.  We  do  not  hear  this  very  low  tone,  owing 
to  the  number  of  vibrations  per  second  being  too  few,  but  what  we 
actually  hear  is  the  first  overt(me,  with  double  the  number  of  vibrations. 
The  muscle-sound  has  19*5  vibrations,  when  the  muscles  of  an  animal 
are  caused  to  contract,  by  stimulating  its  spinal  card  (v.  Helmholtz), 
and  also  when  the  motor  nerve-trunk  is  excited  by  chemical  means 
(Bernstein). 

If,  however,  tetanising  induction  shocks  be  applied  to  a  muscle, 
then  the  number  of  vibrations  of  the  muscle-sound  corresponds 
exactly  with  the  number  of  vibrations  of  the  vibrating  spring  or 
hammer  of  the  induction  apparatus.  Thus,  the  tone  may  be  raised  or 
lowered  by  altering  the  tension  of  the  spring.  Lov^n  found  that^  the 
nmscle-sound  was  loudest  when  the  weakest  currents  capable  of  pro- 
ducing tetanus  were  employed.  The  sound  corresponded  to  the  number 
of  vibrations  of  the  octave  just  below  it  in  the  scale.  With  stronger 
currents  the  muscle-sound  disappears,  but  it  reappears  with  the  same 
number  of  vibrations  as  that  of  the  interrupter  of  the  induction 
apparatus,  if  still  stronger  currents  are  used. 
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If  the  induction  shocks  be  applied  to  the  nerve,  the  socmd  is  not  so 
load,  but  it  has  the  same  number  of  vibrations  as  the  interruptor. 
With  rapid  induction  shocks^  tones  caused  by  704  (Lov^)  and  1000 
yibrations  per  second  have  been  produced  (Bernstein). 

The  first  heart-sound  is  partly  muscular  (p.  92). 

The  miucle-soaiid  is  regarded  as  a  sign  that  tetanns  is  due  to  a  series  of  single 
yamtions  of  the  dezuity  of  the  muscle  (§  298,  III). 

304.  Fatigue  of  Muscle. 

Fatigue. — ^By  the  term  fEttigue,  is  meant  that  condition  of  diminished 
capacity  for  work,  which  is  produced  in  a  muscle  by  prolonged  activity. 
This  condition  is  accompanied  in  the  living  person  with  a  peculiar 
feeling  of  lassitude,  which  is  referred  to  the  muscles.  A  fatigued 
muscle  rapidly  reccfwrs  in  a  living  animal,  but  an  excised  muscle  re- 
covers only  to  a  slight  extent  (Ed.  Weber,  Valentin). 

The  cause  of  fatigue  is  probably  the  accumulation  of  decomposition 
products,  ^^foHgue  stuffs"  in  the  muscular  tissue,  these  products  being 
formed  within  the  muscle  itself  during  its  activity.  They  are  phos- 
phoric acid,  either  free  or  in  the  form  of  acid  phosphates,  acidpotassitun 
phosphaU  (p.  627),  glycerin-phosphoric  acid  (?)  and  COj.  K  these 
substances  be  removed  from  a  muscle,  by  passing  through  its  blood- 
vessels an  indifferent  solution  (0*6  per  cent)  of  common  salt,  or  a  weak 
solution  of  sodium  carbonate  [or  a  dilute  solution  of  permanganate 
of  potash  (Eronecker)],  the  muscle  again  becomes  capable  of 
energising  (J.  Banke,  1863).  The  using  up  of  0  by  an  active  muscle 
favours  fatigue  (v.  Pettenkofer  and  v.  Voit).  The  transfusion  of 
arterial  blood  (not  of  venous — ^Bichat),  removes  the  &tigue  (Sanke, 
Kronecker),  probably  by  replacing  the  substances  that  have  been  used 
up  in  the  muscla  Conversely,  an  actively  energising  muscle  may  be 
rapidly  fatigued  by  injecting  into  its  blood-vessels  a  dilute  solution  of 
phosphoric  acid  (J.  Banke),  of  acid  potassium  phosphate,  or  dissolved 
extract  of  meat  (Eemmerich).  A  muscle  fatigued  in  this  way  absorbs 
less  0,  and  when  so  fatigued,  it  evolves  only  a  small  amount  of  acids 
and  COg.  The  conditions  which  lead  up  to  fatigue  are  connected 
with  considerable  metabolism  in  the  muscular  tissue. 

Hodiiying  Conditions. — In  order  to  obtain  the  same  amount  of  work 
from  a  fatigued  muscle,  a  much  more  powerful  stimulus  must  be 
applied  to  it  than  to  a  fresh  one.  A  fatigued  muscle  is  incs^able  of 
lifting  a  considerable  load,  so  that  its  absolute  muscular  force  is 
diminished.  If,  during  the  course  of  an  experiment^  a  muscle  be 
loaded  with  the  same  weight,  and  if  the  muscle  be  stimulated  at  r^ular 
intervals  with  maximal  stimuli  (strong  induction  shocks),  conttaction 
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after  contraction  gradually  and  r^olarly  diminishes  in  height,  the 
decrease  being  a  constant  fraction  of  the  total  shortening.  Thus  the 
fatigue  curve  is  represented  by  a  straighi  line,  [i^,,  a  straight  line  will 
touch  the  apices  of  all  the  contractions]. 

The  more  rapidly  the  contractions  succeed  each  other,  the  greater  is 
the  fall  in  the  height  of  the  contraction,  [ie.,  if  the  interval  between 
the  contractions  be  short,  the  fatigue  curve  falls  rapidly  towards  the 
abscissa],  and  conversely.  After  a  certain  number  of  contractions,  an 
excised  muscle  becomes  exhausted.  This  result  occurs  whether  the 
stimuli  are  applied  at  short  or  long  intervals  (Eronecker),  and  a  similar 
result  is  obtained  with  sub-maximal  stimuli  (Tiegel).  A  fatigued 
muscle  contracts  more  dowly  than  a  fresh  one,  while  the  latent  period 
is  also  longer  during  £Ettigue  (p.  649).  The  fatigued  muscle  is  said  to 
be  more  extensible  (Bonders  and  van  Mansvelt).  If  a  muscle  be  so 
loaded  that  when  it  contracts  it  cannot  lift  the  load,  fatigue  occurs 
even  to  a  greater  extent  than  when  the  load  is  such  that  the  muscle  can 
lift  it  (Leber).  The  metabolism  and  the  formation  of  acid  are  greater 
in  a  contracted  muscle  kept  on  the  stretch,  than  in  a  contracted  musclo 
allowed  to  shorten  (Heidenhain).  If  a  muscle  contract,  but  is  not 
required  to  lift  any  load,  it  becomes  £Ettigued  only  very  gradually.  If  a 
muscle  be  loaded  only  during  contraction,  and  not  during  relaxation,  it 
is  fatigued  more  slowly  than  when  it  is  loaded  during  both  phases ;  and 
the  same  is  true,  when  a  muscle  has  to  lift  its  load  only  during  the  course 
of  its  contraction,  instead  of  at  the  beginning  of  the  contraction.  Loads 
may  be  suspended  to  perfectly  passive  muscles  without  fatiguing  them 
(Harless,  Leber). 

Blood  Supply.— If  the  arteries  of  a  mammal  be  ligatured,  stimulation  of  the 
motor  nerves  produces  complete  fatigue  after  120-240  contractions  (in  2-4  minutes), 
but  direct  muscular  stimulation  still  causes  the  muscles  to  contract.  In  both  cases, 
the  fatigue  curve  is  in  the  form  of  a  straight  Une.  If  the  bloods  npply  to  » 
mammalian  muscle  be  normal,  on  stimulating  the  motor  nerve,  the  muscular 
contractions  at  first  increase  in  height  and  then  fall,  their  apices  forming  a  straight 
line  (Rossbach  and  Harteneck). 

Recovery  firom  the  condition  of  fatigue  is  promoted  by  passing  a 
constant  ekckiecU  cwrreni  through  the  entire  length  of  the  muscle  (Heiden- 
hain);  also  by  injecting  fresh  arterial  blood  into  its  blood-vessels,  or  by 
very  small  doses  of  veratrin  [or  permanganate  of  potash]. 

If  the  muscle  of  an  intact  animal  be  stimulated  continuously  (fourteen  days  or 
thereby),  until  complete  fatigue  occurs,  the  muscular  fibres  become  granuhur  and 
exhibit  a  wax-like  degeneration.  The  transverse  striation  is  still  visible^  as  long 
as  the  saroouB  substance  ia  in  large  masses,  but  as  soon  as  it  breaks  up  into  small 
pieces,  the  transverse  striation  disappears  completely  (0.  Koth). 

Poisons. — Curara  and  the  ptomaines  cause  an  irregular  course  of  the  fatigue 
curve  (Guareeohi  and  Mosso). 
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305.  Mechanism  of  the  Joints. 

L  The  joints  permit  the  freest  movemeDts  of  one  bone  npon 
another^  [such  as  exist  between  the  extremities  of  the  bones  of  th& 
limbs.  In  other  cases,  sutures  are  formed,  which,  while  permitting  no 
movement,  allow  the  contents  of  the  cavity  which  they  surround 
to  enlarge,  as  in  the  case  of  the  cranium.]  The  articular  end  of 
a  fresh  bone  is  covered  with  a  thin  layer  or  plate  of  hyalino 
cartilage,  which  in  virtue  of  its  elasticity  moderates  any  shocks  or 
impulses  communicated  to  the  bones.  The  surface  of  the  articular 
cartilage  is  perfectly  smooth,  and  facilitates  an  easy  gliding  move- 
ment of  the  one  surface  upon  the  other.  At  the  outer  boundary 
line  of  the  cartilage,  there  is  fixed  the  capsule  of  the  joint,  which 
encloses  the  articular  ends  of  the  bones  like  a  sac.  The  inner  sur- 
face of  the  capsule  is  lined  by  a  synovial  membrane,  which  secretes 
the  sticky,  semi-fluid,  synovia,  moistening  the  joint.  The  outer  sur- 
face of  the  capsule  is  provided  at  various  parts  with  bands  of  fibrous 
tissue,  some  of  which  strengthen  it,  whilst  others  restrain  or  limit  the 
movements  of  the  joint.  Some  osseous  processes  limit  the  movements  of 
particular  joints,  e.^.,  the  coronoid  process  of  the  ulna,  which  permits, 
the  fore-arm  to  be  flexed  on  the  upper  arm  only  to  a  certain  extent; 
the  olecranon,  which  prevents  over-extension  at  the  elbow  joint.  The 
joint  surfaces  are  kept  in  apposition — 1,  by  the  adhesion  of  the  synovia- 
covered  smooth  articular  surfaces;  2,  by  the  capsule  and  its  fibrous 
bands ;  and  3,  by  the  elastic  tension  and  contraction  of  the  muscles. 

[Structure  of  Articular  Cartilage. — The  thin  layer  of  hyaline  encrusting 
cartilage,  is  fixed  by  an  irregnlar  surface  upon  the  corresponding  surfiEM^e  of  the* 
head  of  the  bone.  In  a  vertical  section  through  the  articular  cartilage  of  a  bone,, 
which  has  been  softened  in  chromic  or  other  suitable  acid,  we  observe  that  the 
cartilage  cells  are  flattened  near  the  free  surface  of  the  cartilage,  and  their  long 
axes  are  parallel  to  the  surface  of  the  joint :  lower  down,  the  cells  are  arranged  in 
irregular  groups,  and  further  down  still  nearer  the  bone,  in  columns  or  rows, 
whose  long  axis  is  in  the  long  axis  of  the  bone.  These  rows  are  produced  by 
transverse  cleavage  of  pre-existing  cells.  In  the  upper  two-thirds  or  thereby,  the 
matrix  of  the  cartilage  is  hyaline,  but  in  the  lower  third  near  the  bone,  the 
matrix  is  granular  and  sometimes  fibrillated.  This  is  the  calcified  zone,  which  iff 
impregnated  with  lime  salts,  and  sharply  defined  by  a  nearly  atraigfU  Une  firom  the^ 
hyaline  zone  above  it,  and  by  a  bold  wavy  line  &om  the  osseous  head  of  the  bone.] 

Synovial  Membrane.— Synovial  membrane  consists  of  bundles  of  delicate 
connective-tissue  mixed  with  elastic-tissue,  while  on  its  inner  surface  it  is  provided 
with  folds,  some  of  which  contain  fiftt,  and  others  blood-vessek  (synovial  villi). 
The  inner  sur&ce  is  lined  with  endothelium.  The  intra-capsular  ligaments  and 
cartilages  are  not  covered  by  the  synovial  membrane,  nor  are  they  covered  by  endo- 
thelium. 

The  synovia  is  a  colourless,  stringy,  alkaline  fluid,  with  a  chemical  composition 
closely  allied  to  that  of  transudations,  with  this  diflerence,  that  it  contains  much 
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fnudn,  together  with  albnimn,  and  traces  of  isA,  EzoeBsive  moyement  diminishes 
its  amount,  makes  it  more  inspissated,  and  inoreases  the  mnoin,  but  diminishes 
the  salts. 

Joints  may  be  divided  into  several  classes,  according  to  the  kind  of 
movement  which  they  permit : — 

1.  Joinis  wUh  mavemerU  around  one  axis:  (a.)  The  Ginglymufl,  or  Hinge 
Joint. — The  one  articular  sur&ce  represents  a  portion  of  a  cylinder  or 
sphere,  to  which  the  other  surface  is  adapted  by  a  corresponding 
depression,  so  that  when  flexion  or  extension  of  the  joint  takes  place, 
it  moves  only  on  one  axis  of  the  cylinder  or  sphere.  The  joints  of  the 
£ngers  and  toes  are  hinge  joints  of  this  description.  Lateral  ligaments, 
which  prevent  a  lateral  displacement  of  the  articular  surfaces,  are  always 
present. 

The  Screw-hinge  Joint  is  a  modification  of  the  simple  hinge  form 
(Langer,  Henke),  e.g,y  the  humero-ulnar  articulation.  Strictly  speaking, 
simple  flexion  and  extension  do  not  take  place  at  the  elbow  joint,  but 
the  ulna  moves  on  the  capitellum  of  the  humerus,  like  a  nut  on  a  bolt ; 
in  the  right  humerus,  the  screw  is  a  right  spiral,  in  the  left,  a  left 
spiral  The  ankle  joint  is  another  example ;  the  nut  or  female  screw  is 
the  tibial  surface,  the  right  joint  is  like  a  left-handed  screw,  the  left  the 
reverse,  (b,)  The  pivot  joint  (rotatoria) ^  with  a  cylindrical  surface,  e.g,y 
the  joint  between  the  atlas  and  the  axis,  the  axis  of  rotation  being  around 
the  odontoid  process  of  the  axis.  In  the  acts  otpronaHon  and  supination 
of  the  fore-arm  at  the  elbow  joint,  the  axis  of  rotation  is  from  the 
middle  of  the  cotyloid  cavity  of  the  head  of  the  radius  to  the  styloid 
process  of  the  ulna.  The  other  joints  which  assist  in  these  movements, 
are  dbovey  the  joint  between  the  circumferential  part  of  the  head  of  the 
radius,  and  the  sigmoid  cavity  of  the  ulna,  and  behw^  the  joint  between 
the  sigmoid  cavity  of  the  radius,  which  moves  over  the  rounded  lower 
end  of  the  ulna. 

2.  Joints  with  movements  aroumd  two  axes:  (a.)  Such  joints  have  two 
unequally  curved  surfaces  which  intersect  each  other,  but  which  lie  in 
the  same  direction,  e,g.,  the  atlanto-occipital  joint,  or  the  wrist  joint,  at 
which  lateral  movements,  as  well  as  flexion  and  extension,  take  place. 
(b.)  Joints  with  curved  surfaces  which  intersect  each  other,  but  which  do 
not  lie  in  the  same  direction.  To  this  group  belong  the  saddle-shaped 
articulations,  whose  surface  is  concave  in  one  direction,  but  convex  in 
the  other,  e,g.,  the  joint  between  the  metacarpal  bone  of  the  thumb  and 
the  trapezium.  The  chief  movements  are— ^(1)  flexion  and  extension, 
{2)  abduction  and  adduction.  Further,  to  a  limited  degree,  movement 
is  possible  in  all  other  directions;  and,  lastly,  a  pyramidal  movement 
can  be  described  by  the  thumb. 

3.  Joints  wUh  movement  on  a  spiral  articular  surface  {spiral  joinis). 
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€L^.9  the  knee  joint  [Goodsir].  The  condyle  of  the  femnr^  cnrved  from 
before  backwards,  in  the  antero-posterior  section  of  its  articnlar  soifac^ 
represents  a  spirai  (Ed.  Weber),  whose  centre  lies  nearer  the  posterior 
part  of  the  condyle,  and  whose  radius  vector  increases  from  behind^ 
downwards  and  forwards.  Flexion  and  extension  are  the  chief 
movements.  The  strong  lateral  ligaments  arise  from  the  condyles  of 
the  femur,  corresponding  to  the  centre  of  the  spiral,  and  are  inserted 
into  the  head  of  the  fibula  and  internal  condyle  of  the  tibia.  When 
the  knee  joint  is  strongly  flexed,  the  lateral  ligaments  are  relaxed — 
they  become  tense  as  the  extension  increases ;  and  when  the  knee  joint- 
is  fidly  extended,  they  act  quite  like  tense  bands,  which  secure  the 
lateral  fixation  of  the  joint.  Corresponding  to  the  spiral  form  of  tho 
articular  surface,  flexion  and  extension  do  not  take  place  around  one^ 
axis,  but  the  axis  moves  continually  with  the  point  of  contact;  th& 
axis  moves  also  in  a  spiral  direction.  The  greatest  flexion  and 
extension  covers  an  angle  of  about  HS''.  The  anterior  crucial  ligament 
is  more  tense  during  extension,  and  acts  as  a  check  ligament  for  too 
great  extension,  while  the  posterior  is  more  tense  during  flexion  and  is^ 
a  check  ligament  for  too  great  flexion.  The  movements  of  extension  and 
flexion  at  the  knee  are  further  complicated  by  the  fact  that,  the  joint- 
has  a  screw-like  movement,  in  that  during  the  greatest  extension,  the  leg 
moves  outwards.  Hence,  the  thigh,  when  the  leg  is  fixed,  must  bo 
rotated  outwards  during  flexion.  Pronation  and  supination  take  placo 
during  the  greatest  flexion  to  the  extent  of  41'^  (Albert)  at  the  knee 
joint,  while  with  the  greatest  extension  it  is  nil  It  occurs  because  tho 
external  condyle  of  the  tibia  rotates  on  the  intemaL  In  all  positiona 
during  flexion,  the  crucial  ligaments  are  fairly  and  uniformly  tense,  where- 
by the  articnlar  surfaces  are  pressed  against  each  other.  Owing  to  their 
arrangement^  during  increasing  tension  of  the  anterior  ligament 
(extension),  the  condyles  of  the  femur  must  roll  more  on  to  tho 
anterior  part  of  the  articular  surface  of  the  tibia,  while  by  increasing 
tension  of  the  posterior  ligament  (flexion),  they  must  pass  more  back- 
ward. 

4.  Jainis  wiffh  the  axis  of  rotaiion  roimd  one  fixed  poini.  These  are 
the  freely  movable  atihrodidl  joints.  The  movements  can  take  place 
around  innumerable  axes,  which  all  intersect  each  other  in  the  centre  of 
rotation.  One  articular  surface  is  nearly  spherical,  the  other  is  cup- 
shaped.  The  shoulder  and  hip  joints  are  typical  "baU-and'SOcket  jokUs,*'^ 
We  may  represent  the  movements  as  taking  place  around  three  axes^ 
intersecting  each  other  at  right  angle&  The  movements  which  can  be 
performed  at  these  joints  may  be  grouped  as: — (1)  pendulum-like 
movements  in  any  plane,  (2)  rotation  round  the  long  axis  of  the  limb,, 
and  (3)  circumscribing  movements  [circumduction],  such  as  are  made 
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round  the  circumference  of  a  sphere;  the  centre  is  in  the  point  of 
rotation  of  the  joint,  while  the  circumference  is  described  by  the  limb 
itself. 

Limited  artbrodial  joints  are  ball  joints  with  limited  movements,  and 
Tfhere  rotation  on  the  long  axis  is  wanting,  e,g,f  the  metaca4:x>o- 
phalangeal  joints. 

5.  Rigid  joints  or  amphiarthroses  are  characterised  by  the  fact,  that 
movement  may  occur  in  all  directions,  but  only  to  a  very  limited 
extent,  in  consequence  of  the  very  tough  and  unyielding  external 
ligaments.  Both  articular  surfaces  are  usually  about  the  same  size, 
4uid  are  nearly  plane  surfaces,  e,g,^  the  articulations  of  the  carpal  and 
the  tarsal  bones. 

II.  Symphyses,  synchondroses,  and  syndesmoses  unite  bones  without 
the  formation  of  a  proper  articular  cavity,  are  movable  in  all  directions, 
but  only  to  the  very  slightest  extent.  Physiologically,  they  are  closely 
related  to  amphiarthrodial  joints. 

m  Sutures  unite  bones  without  permitting  any  movement  The 
physiological  importance  of  the  suture  is  that,  the  bones  can  still  grow 
at  their  edges,  which  thus  renders  possible  the  distension  of  the  cavity 
•enclosed  by  the  bones  (Herm.  v.  Meyer). 


306.  Arrangement  and  Uses  of  the  Muscles 

of  the  Body. 

The  muscles  form  45  per  cent  of  the  total  mass  of  the  body,  those 
of  the  right  side  being  heavier  than  those  on  the  left  (Ed.  Weber). 

Muscles  may  be  arranged  in  the  following  groups,  as  far  as  their 
mechanical  actions  are  concerned : — 

A.  Musdea  ivUhoui  a  definite  origin  and  insertion : 

1.  The  hollow  muscles  surrounding  globular,  oval,  or  irregular 
cavities,  such  as  the  urinaiy  bladder,  gall  bladder,  uterus,  and  heart ; 
or  the  walls  of  more  or  less  cylindrical  canals  (intestinal  tract,  muscular 
gland  ducts,  ureters.  Fallopian  tubes,  vasa  deferentia,  blood-vessels,  and 
lymphatics).  In  all  these  cases,  the  muscular  fibres  are  arranged  in 
eeveral  layers,  e.g.,  in  a  longitudinal  and  a  circular  layer,  and  sometimes 
also  in  an  oblique  layer.  AQ  these  layers  act  together  and  thus 
diminish  the  cavity. 

It  is  inadmissible  to  ascribe  different  mechanical  effects  to  the 
'different  layers,  e.g.,  that  the  circular  fibres  of  the  intestine  narrow  it, 
while  the  longitudinal  dilate  it  Both  sets  of  fibres  rather  seem  to  act 
simultaneously,  and  diminish  the  cavity  by  making  it  narrower  and 
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shorter  at  the  same  time.  The  only  case  where  moacular  fibres  may 
act  in  partially  dilating  the  cavity  is  when,  owing  to  pressure  from 
without  or  from  partial  contraction  of  some  fibres,  a  fold,  projecting 
into  the  lumen,  has  been  formed.  When  the  fibres,  necessarily  stretch- 
ing across  the  depression  thereby  produced,  contract,  they  must  tend  to 
undo  it^  M.,  enlai^  the  cavity.  The  various  layers  are  all  innervated 
from  the  same  motor  source,  which  supports  the  view  of  their  conjoint 
action. 

2.  The  sphincters  surround  an  opening  or  a  short  canal,  and  by  their 
action  they  either  constrict  or  close  it^  «.^.,  sphincter  pupill»,  palpe- 
brarum, oris,  pylori,  ani,  cunni,  urethrsB. 

jS.  Muscles  vnlh  a  definite  origin  and  insertion : 

1.  The  oiigin  is  completely  fixed  when  the  muscle  is  in  action.  The 
course  of  the  muscular  fibres,  as  they  pass  to  where  they  are  inserted, 
permits  of  the  insertion  being  approximated  in  a  straight  line  towards 
their  origin  during  contraction,  e.g,y  the  attolens,  attrahens,  and  retra- 
faentes  of  the  outer  ear,  and  the  rhomboidei.  Some  of  these  muscles 
are  inserted  into  soft  parts  which  necessarily  must  follow  the  line  of 
traction,  e,g.y  the  azygos  avuke,  levator  palati  mollis,  and  most  of  the 
muscles  which  arise  from  bone  and  are  inserted  into  the  skin,  such  as 
the  muscles  of  the  face,  styloglossus,  stylopharyngeus,  &c. 

2.  Both  Origin  and  Insertion  movable. — In  this  case,  the  move- 
ments of  both  points  are  inversely  as  the  resistance  to  be  overcome. 
The  resiatance  is  often  voluntaiy,  which  may  be  increased  either  at  the 
origin  or  insertion  of  the  muscle.  Thus,  the  sternocleidomastoid  may 
act  either  as  a  depressor  of  the  head  or  as  an  elevator  of  the  chest;  the 
pectoralis  minor  may  act  as  an  adductor  and  depressor  of  the  shoulder, 
or  as  an  elevator  of  the  3rd-5th  ribs  (when  the  shoulder  girdle  is  fixed). 

3.  Angular  Course. — ^Many  muscles  having  a  fixed  origin  are  diverted 
from  their  straight  course;  either  their  fibres  or  their  tendons  may  be  bent 
out  of  the  straight  course.  Sometimes  the  curving  is  slight,  as  in  the 
occipito  frontalis  and  levator  palpebrsd  superioris,  or  the  tendon  may  form 
an  angk  round  some  bony  process,  whereby  the  muscular  traction  acts  in 
quite  a  different  direction,  i.«.,  as  if  the  muscle  acted  directly  from  this 
process  upon  its  point  of  insertion,  e,g.y  the  obliquus  oculi  superior, 
tensor  tympani,  tensor  veli  palatini,  obturator  intemus. 

4.  Many  of  the  muscles  of  the  extremities  act  upon  the  long  bones 
as  upon  levers : — (a)  Some  act  upon  a  lever  with  one  arm,  in  which  case 
the  insertion  of  the  muscle  (power)  and  the  weight  lie  upon  one  side  of 
the  fulcrum  or  point  of  support,  e.g,,  biceps,  deltoid.  The  insertion  of 
(or  power)  often  lies  very  dose  to  the  fulcrum.  In  such  a  case,  the 
rapidUy  of  the  movement  at  the  end  of  the  lever  is  greatly  increased, 
but  force  is  lost  [ie.,  what  is  gained  in  rapidity  is  lost  in  power]. 


674 


VABIOUS  KINDS  OF  LEVER  ACTHON  BT  HUSGLES. 


This  arrangement  has  this  adyantage,  that,  owing  to  the  slight  con^ 
tiadion  of  the  muscle,  little  energy  is  evolved,  which  would  be  the  case 
had  the  muscular  contraction  been  more  considerable  (§  300,  I.,  3). 
(b)  The  musdee  act  upon  the  bones  as  upon  a  lever  with  itoo  arms,  in 
which  case  the  power  (insertion  of  the  muscle)  lies  on  the  other  side  of 
the  fulcrum  opposite  to  the  weighty  e,g.,  the  triceps  and  muscles  of  the 
cal£  In  both  cases,  the  muscular  force  necessary  to  overcome  the 
resistance  is  estimated  by  the  principles  of  the  lever :  equilibrium  is 
established  when  the  static  moments  (=  product  of  the  power  in  its 
vertical  distance  from  the  fulcrum)  are  equal;  or  when  the  power  and 
weight  are  inversely  proportional,  as  their  vertical  distance  from  the 
fulcrum* 

Direction  of  Action. — It  is  most  important  to  observe  the  direction  in 
which  the  muscular  force  and  weight  act  upon  the  lever  arm.  Thus^ 
the  direction  may  be  vertical  to  the  lever  in  one  position,  while  after 
flexion,  it  may  act  obliquely  upon  the  lever.  The  static  moment  of  a 
power  acting  obliquely  on  the  lever  arm  is  obtained  by  multiplying  the 
power  with  the  power  acting  in  a  direction  vertical  to  the  point  of 
rotation. 


II. 


III. 


Fig  259. 
Scheme  of  tlie  action  of  mnsoles  on  bones. 

Examples  ;~In  Fig  259, 1.,  B  a;  presents  the  hnmenui,  and  x  Z  the  radins ;  A  y, 
the  direction  of  the  traction  of  the  biceps.  If  the  biceps  acts  at  a  right  angle  ^lyv 
as  by  lifting  horirontally  a  weight  (F)  lying  on  the  fore>ann  or  in  the  hand,  tiiea 
the  power  of  the  Hoepa  (sA)  is  obtained  from  the  formula,  A  y  a;  a  P  zZ,  ie., 
A  s=(PxZ):yx,  It  is  evident  that,  when  the  radius  is  depressed  to  the  position 
X C,  the  result  is  different ;  then  the  force  of  the  biceps  =  Ai  =  (Pj  v  x):  ox. 
In  Fig.  269,  IL,  TF  is  the  tiUa,  F,  the  ankle  joint,  MC,  the  foot  in  a  horizontal 
positioii.    The  power  of  the  musdles  of  the  calf  (=a)  necessary  to  equalise  a  foioe^ 
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p,  directed  from  below  against  the  anterior  part  of  the  foot,  would  be  a  = 
(p  M  F) :  F  C.  If  the  foot  be  altered  to  the  position,  R  S,  the  force  of  the  muscles 
of  the  calf  wonld  then  be  ai  a  (pi  M  F) :  F  C. 

In  muscles  also,  which,  like  the  coraco-brachialis,  are  stretched  oyer 
the  angle  of  a  hinge,  the  same  result  obtains. 

In  Fiff  259,  III. ,  H  £  is  the  hnmerns,  E,  the  elbow  joint,  £  R,  the  radius,  BR,  the 
•ooraoo-brachialis.  Its  moment  in  this  position  is  =  A,  6  BL  When  the  radius  is 
ndsed  to  £R],  then  it  i8=A,  a  £.  We  must  notice,  however,  that  BRi  «^BR. 
Hence,  the  absolute  muscular  force  must  be  less  in  the  flexed  position,  because  every 
muscle,  as  it  becomes  shorter,  lifts  less  weight.  What  is  lost  in  power  is  gained  by 
the  elongation  of  the  lever-arm. 

5.  Many  muscles  have  a  doable  action;  when  contracted  in  the 
ordinary  way,  they  execute  a  combined  movement,  e.g,^  the  biceps  is  a 
flexor  and  supinator  of  the  fore-arm.  If  one  of  these  movements  be 
prevented  by  the  action  of  other  muscles,  the  muscle  takes  no  part  in 
the  execution  of  the  other  movement. 

If  the  fore-arm  be  strongly  pronated  and  flexed  in  this  position,  the  biceps  takes 
no  part  therein ;  or,  when  the  elbow  joint  is  rigidly  supinated,  only  the  supinator 
brevis  acts,  not  the  biceps.  The  muscles  of  mastication  are  another  example. 
The  masseter  elevates  the  lower  jaw,  and  at  the  same  time  pulls  it  forward.  If 
the  depressed  jaw,  however,  be  strongly  pulled  backwards,  when  the  jaw  is  raised, 
the  masseter  is  not  concerned.  The  temporal  muscle  raises  the  jaw,  and  at  the 
same  time  pulls  it  backwards.  If  the  depressed  jaw  be  raised  after  being  pushed 
forward,  then  the  temporal  is  not  concerned  in  its  elevation. 

6.  Hnscles  acting  on  two  or  more  joints  are  those  which  in  their 
course  from  their  origin  to  their  insertion  pass  over  two  or  more  joints. 
Either  the  tendons  may  deviate  from  a  straight  course,  e,g,y  the  ex- 
tensors and  flexors  of  the  fingers  and  toes,  as  when  the  latter  are  flexed ; 
or  the  direction  is  always  straight,  cg,^  the  gastrocnemius.  The  muscles 
of  this  group  present  the  following  points  of  interest — (a)  The  pheno- 
menon of  so-called  ^^ active  insufficiency^*  (Hueter,  Henke).  If  the 
position  of  the  joints  over  which  these  muscles  pass  be  so  altered,  that 
their  origin  and  insertion  come  too  near  each  other,  the  muscle 
may  require  to  contract  so  much  before  it  can  act  on  the  bones 
attached  to  it,  that  it  cannot  contract  actively  any  further  than 
to  the  extent  of  the  shortening  from  which  it  begins  to  be 
active;  e.g.,  when  the  knee  joint  is  bent,  the  gastrocnemius  can 
no  longer  produce  plantar  flexion  of  the  foot,  but  the  traction  on  the 
tendo  achilles  is  produced  by  the  soleus.  (6)  "  Passive  insufficiency  "  is 
£hown  by  many-jointed  muscles  under  the  following  circumstances  ; — 
In  certain  positions  of  the  joint,  a  muscle  may  be  so  stretched  that  it 
may  act  like  a  rigid  strap,  and  thus  limit  or  prevent  the  action  of  other 
jnuscles,  e.g.,  the  gastrocnemius  is  too  short  to  permit  complete  dorsal 

flexion  of  the  foot  when  the  knee  is  extended.     The  long  flexors  of  the 

11 
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leg,  arising  from  tbe  tuber  ischS,  are  too  short  to  permit  complete  ex- 
tension of  the  knee  joint,  when  the  hip  joint  is  flexed  at  an  acute  angle. 
The  extensor  tendons  of  the  fingers  are  too  short  to  permit  of  complete 
flexion  of  the  joints  of  the  fingers,  when  the  hand  is  completely  flexed* 

7.  Synergetic  muscles  are  those  which  together  subserve  a  certain 
kind  of  movement,  e.g.^  the  flexors  of  the  leg,  the  muscles  of  the  calf^ 
and  others.  The  abdominal  muscles  act  along  with  the  diaphragm  in 
diminishing  the.  abdomen  during  straining,  while  the  muscles  of  in- 
spiration or  expiration,  even  the  different  origins  of  one  muscle,  or  tha 
two  bellies  of  a  biventral  muscle^  may  be  regarded  from  the  same  point 
of  view. 

Antagonistic  musdea  (Galen)  are  those,  which  during  their  action, 
have  exactly  the  opposite  effect  of  other  muscles,  e.g.y  flexors  and  ex- 
tensors, pronators  and  supinators,  adductors  and  abductors,  elevators 
and  depressors,  sphincters  and  dilators,  inspiratoiy  and  expiratory. 

When  it  is  necessary  to  bring  the  full  power  of  our  muscles  into 
action,  we  quite  involuntarily  bring  them  beforehand  into  a  condition 
of  the  greatest  tension,  as  a  muscle  in  this  condition  is  in  the  most 
favourable  position  for  doing  work  (§  300,  I.,  3 — Schwann).  Con- 
versely, when  we  execute  delicate  movements  requiring  little  energy,  we 
select  a  position  in  which  the  corresponding  muscle  is  already 
shortened. 

All  the  fasGUB  of  th«  body  aaw  connected  with  miiBoles,  which,  when  they  con- 
tract, alter  the  tension  of  the  former,  bo  that  they  are  in  a  certain  sense  aponeuroses 
or  tendons  of  the  latter  (K.  Bardeleben).  [For  the  importance  of  mnscnlar  move- 
ments and  those  of  tiie  fitfcise  in  connection  with  the  movements  of  the  lymph 
1201.] 


807.  Gymnastics— Pathological  Variations  of  the 

Motor  Functions. 

Oymnastic  ezercise  is  most  important  for  the  proper  development  of  tb& 
mnscles  and  motor  i)ower,  and  it  ought  to  be  commenced  in  both  sexes  at  an  early 
age.  Systematic  muscular  activity  increases  the  volume  of  the  muscles,  and 
enables  them  to  do  more  work.  The  amount  of  blood  is  increased  with  iucrease- 
in  the  muscular  development,  while  at  the  same  time,  the  bones  and  ligaments 
become  more  resistant.  As  the  circulation  is  more  lively  in  an  active  muscle,, 
gymnastios  &vonr  the  circulation,  and  ought  to  be  practised,  especially  by  person* 
of  sedentary  habits,  who  are  apt  to  suffer  from  congestion  of  blood  in  the  abdo- 
minal organs  (e.g,,  hemorrhoids),  as  it  favours  the  movement  of  the  tissue  juioea 
[S  201].  An  active  muscle  also  uses  more  O  and  produces  more  COsf  so  that 
zespiration  is  also  excited.  The  total  increase  of  the  metabolism  gives  rise  to  th* 
fdeling  of  well-being  and  vigour,  diminishes  abnormal  irritability,  and  dispels 
the  tendency  to  fatigue.  The  whole  body  becomes  firmer,  and  specdfically  heavier 
(Jager). 
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By  Jim^Bf  or  the  SwBdish  ayvtem,  a  syitematio  attempt  is  made  to  strengthen 
oertain  weak  moscleB  or  gronps  of  muscles,  whose  weakness  might  lead  to  the 
prodnotioQ  of  defonnities.  These  mnscles  are  exercised  systematically  by  oppee> 
ing  to  them  resistances,  which  mnst  either  be  overcome,  or  against  i^ok  tfae 
patient  mnst  strive  by  mnscnlar  action. 

Ma88age>  which  consists  in  kneading,  pressing,  or  rubbing  the  mnsdes,  favours 
the  blood-stream;  hence,  this  system  may  be  advantageously  nsed  for  sack 
mnscles  as  are  so  weakened  by  disease,  that  an  independent  treatment  by  moenn  of 
gymnastics  cannot  be  adopted. 

Distorbances  of  the  normal  movements  may  partly  aflEsct  the  poBrive  motor 
organs  (eg.,  the  bones,  joints,  ^gaments  and  aponeuroses),  or  the  eustive  orgus 
(muscles  with  their  tendons,  and  motor  nerves). 

PuiIyO  Organs- — Fractures,  caries  and  necrosis,  and  inflammation  of  the  bones, 
which  make  movements  painful,  influence  or  even  make  movement  impossible. 
Similarly,  dislocations,  relaxation  of  the  ligaments,  arthritis  or  anchylosis  inters 
fete  witii  movement.  Also  curvature  of  bones,  hyperoetoeis  or  exostosis ;  lateral 
curvature  of  the  vertebral  column  (JSeoUosis),  backwMd  angular  curvature  {KyphoM)f 
or  forward  curvature  (^LordosUi),  The  latter  interfere  with  respiration.  In  the 
lower  extremities,  which  have  to  carry  the  weight  of  the  body,  genu  valgum  may 
occur  in  flabby,  toll,  rapid]y-growing  individuals,  especially  in  some  trades,  e,g.y 
bakers.  The  opposite  form,  genu  varum,  is  generally  a  result  of  rickets.  Flat 
foot  depends  upon  a  depression  of  the  arch  of  the  foot,  which  then  no  kmger  rests 
upon  its  three  points  of  support  Its  causes  seem  to  be  similar  to  those  of  genu 
valgum.  The  ligaments  of  the  small  tarsal  joints  are  stretched,  and  the  long  axis 
of  the  foot  is  usually  directed  outwards ;  the  inner  margin  of  the  foot  is  more 
turned  to  the  ground,  while  pain  in  the  foot  and  malleoH  make  walking  and  stand- 
ing impossible.  Club-foot  {Talipea  varus)  in  which  the  inner  margin  of  the  foot 
is  raised,  and  the  point  of  the  toes  is  directed  inwards  and  downward^,  depends 
upon  imperfect  development  during  foetal  life.  All  children  are  bom  with  a  cer- 
tain, very  slight  degree  of  bending  of  the  foot  in  this  direction.  Talipes  equinusy 
in  which  the  toes,  and  T.  caicaneus,  in  which  the  heel  touches  the  ground,  usually 
depend  upon  contracture  of  the  muscles  causing  these  positions  of  the  foot,  or  upon 
paralysis  of  the  antagonistic  muscles. 

BicketS  and  Osteomalacia.— If  the  earthy  salts  be  withheld  firom  the  food,  the 
bones  gradually  undergo  a  change ;  they  become  thin,  translucent,  and  may  even 
bend  under  preosuie.  In  certain  persistent  defects  of  nutritifB,  the  lime  salts  of 
the  food  are  not  absorbed,  giving  rise  to  rackUiSj  or  rickets,  in  children.  If  fully 
formed  bones  lose  their  lime  salts  to  the  extent  of  1  to  i  (halisterisia),  they  become 
brittle  and  soft  {osteomalcu:ia).    This  occurs  to  a  limited  extent  in  old  age. 

Knslces. — The  normal  nutrition  of  muscle  is  intimately  dependent  on  a  prepir 
supply  of  sodium  chloride  and  pota^  salts  in  the  food,  as  these  form  integral 
parts  of  the  muscular  tissue  (Kemmerich,  Forster).  Besides  the  atrophic 
changes  which  occur  in  the  muscles  when  these  substances  are  withheld,  there  are 
disturbances  of  the  central  nervous  system  and  digestive  apparatus,  and  the 
animals  ultimately  die.  The  condition  of  the  muscles  during  inanition  is  given  in 
§  237.  If  muscles  and  bones  bo  kept  inactive,  they  tend  to  atrophy  (§  244).  In 
atrophic  muscles,  and  in  cases  of  anchylosis,  there  is  an  enormous  increase,  or 
"atrophic  proliferation,"  of  the  muscle-corpuscles,  which  takes  place  at  the  expense 
of  the  contractile  contents  (CJohnheim).  A  certain  degree  of  muscular  atrophy 
takes  place  in  old  age. 

The  uterus,  after  ddiwry,  imdergoes  a  great  decrease  in  siae  and  weight— from 
1000  to  850  grammes— due  chiefly  to  the  diminished  blood  supply  to  the  organ. 
In  chronic  lead  poisoning,  the  extensors  and  interossei  chiefly  undergo  atrophy. 
Atrophy  and  degeneration  of  the  muscles  are  followed  by  shortening  and  thinning 
of  the  bones  to  which  the  muscles  are  attached. 
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Sedum  and  paralysis  of  the  motor  nerves  canse  palsy  of  the  moacles,  thus  rendering 
ihem  inactive,  and  they  ultimately  degenerate.  Atrophy  also  occurs  after  inflam- 
mation or  softening  of  the  multipolar  nerve-ceUs  in  the  anterior  horn  of  the  grey 
matter  of  the  spinal  cord,  or  the  motor  nudei  (facial,  glosso-pharyngeal,  spinal 
accessory,  and  hypoglossal  of  Stilling  in  the  medulla  oblongata),  in  the  muscles  con- 
nected with  these  parts.  Rapid  atrophy  takes  place  in  certain  forms  of  spinal 
paralysis  and  in  acute  bulbar  paralysis  (paralysis  of  the  medulla  oblongata),  and  in 
a  chronic  form,  in  progressive  muscular  atrophy  and  progressive  bulbar  paralysis. 
The  muscles  and  their  nerves  become  small  and  soft.  The  muscles  show  many 
nuclei,  the  sarcous  substance  becomes  fatty,  and  ultimately  disappears.  Accord- 
ing to  Charcot,  these  areas  are  at  the  same  time  the  trophic  centres  for  the  nerves 
proceeding  from  them  as  well  as  for  the  muscles  belonging  to  them.  According  to 
Friedreich,  the  primary  lesion  in  progressive  muscular  atrophy  is  in  the  muscles, 
and  is  due  to  a  primary  interstitial  inflammation  of  the  muscle,  resulting  in  atrophy 
and  degenerative  changes,  while  the  nerve-centres  are  affected  secondarily,  just  as 
after  amputation  of  a  limb  the  corresponding  part  of  the  spinal  cord  degenerates. 

In  pseudohypertrophic  muscular  atrophy,  the  muscular  fibres  atrophy  completely, 
with  copious  development  of  fat  and  connective-tissae  between  the  fibres,  without  the 
nerves  or  spinal  cord  undei^going  degeneration.  The  muscular  substance  may  also 
undergo  amyloid  or  vfax-like  degeneration,  whereby  the  amyloid  substance 
infiltrates  the  tissue  (§  249,  VI.).  Sometimes  atrophic  muscles  have  a  deep-hrovm 
colour,  due  to  a  change  of  the  haemoglobin  of  the  muscle.  When  muscles  are 
much  used  they  hypertrophy,  as  the  heart  in  certain  cases  of  valvular  lesion  or 
obstruction  (§  49),  the  bladder,  and  intestine. 


Special  Motor  Acts. 


308.  standing. 

The  act  of  standing  is  accomplished  by  muscular  action,  and  is  the 
vertical  position  of  equilibrium  of  the  body,  in  which  a  line  drawn 
from  the  centre  of  gravity  of  the  body  falls  within  the  area  of  both  feet 
placed  upon  the  ground.  In  the  military  attitude,  the  muscles  act  in 
two  directions — (1)  To  fix  the  jointed  body,  as  it  were,  into  one  un- 
bending column ;  and  (2)  in  case  of  a  variation  of  the  equilibrium,  to 
compensate  by  muscular  action  for  the  disturbance  of  the  equilibrium. 

The  following  individual  acts  occur  in  standing : — 

1.  Thefixaiion  of  the  head  upon  the  vertebral  column.  The  occiput  may 
be  moved  in  various  directions  upon  the  atlas,  as  in  the  acts  of  nodding. 
As  the  long  arm  of  the  lever  lies  in  front  of  the  atlas,  necessarily  when 
the  muscles  of  the  back  of  the  neck  relax,  as  in  sleep,  or  death,  the  chin 
falls  upon  the  breast.  The  strong  neck  muscles,  which  pull  from  the 
vertebral  column  upon  the  occiput,  fix  the  head  in  a  firm  position  on 
the  vertebral  column. 
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A  nodding  moyement  obliquely  forwards  and  to  the  side  is  also  possible  (L. 
Gerlach). 

The  chief  rotatory  movement  of  the  head  on  a  vertical  axis  occurs 
round  the  odontoid  process  of  the  axis.  The  articular  surfaces  on  the 
pedicles  and  part  of  the  bodies  of  the  1st  and  2nd  vertebra  are  convex 
towards  each  other  in  the  middle,  becoming  somewhat  lower  in  firont 
and  behind,  so  that  the  head  is  highest  in  the  erect  posture.  Hence, 
when  the  head  is  greatly  rotated,  compression  of  the  medulla  oblongata 
is  prevented  (Henke).  In  standing,  these  muscles  do  not  require  to  be 
fixed  by  muscular  action,  as  no  rotation  can  take  place  when  the  neck 
muscles  are  at  rest. 

2.  The  vertebral  column  itself  must  be  fixed^  especially  where  it  is  most 
mobile,  i.^.,  in  the  cervical  and  lumbar  regions.  This  is  brought  about 
by  the  strong  muscles  situate  in  these  regions — e.g.j  the  cervical  spinal 
muscles,  Extensor  dorsi  communis,  and  Quadratus  lurnbomm, 

Mobility  of  the  YertebrSd. — The  least  movable  vertebrae  are  the  3rd  to  the 
6th  dorsal :  the  sacmm  is  quite  immovable.  For  a  certain  length  of  the  colnmn, 
the  mobility  depends  on  {a)  the  number  and  height  of  the  interarticular  fibro- 
cartilages.  They  are  most  numerous  in  the  neck,  thickest  in  the  lumbar  region,  and 
relatively  also  in  the  lower  cervical  region.  They  permit  movement  to  take  place 
in  every  direction. 

Collectively  the  interarticular  discs  form  one-fourth  of  the  height  of  the  whole 
vertebral  column.  They  are  compressed  somewhat  by  the  pressure  of  the  body;  hence, 
the  body  is  longest,  in  the  morning  and  after  lying  in  the  horizontal  position.  The 
smaller  periphery  of  the  bodies  of  the  cervical  vertebrsB  favours  the  mobility  of 
these  vertebrae,  compared  with  the  larger  lower  ones,  {h)  The  position  of  the  pro- 
cesses also  influences  greatly  the  mobility.  The  strongly  depressed  spines  of  the 
dorsal  region  hinder  hyperextension.  The  articular  processes  on  the  cervical 
vertebrae  are  so  placed  that  their  surfaces  look  obliquely  from  before  and  upwards, 
backwards  and  downwards;  this  permits  relatively  free  movement,  rotation,  lateral 
and  nodding  movements.  In  the  dorsal  region,  the  articular  surfaces  are  directed 
verticaUy  and  directly  to  the  front,  the  lower  directly  backwards ;  in  the  lumbar 
region,  the  position  of  the  articular  processes  is  almost  completely  vertical  and 
antero-posterior.  In  bending  backwards  as  far  as  possible,  the  most  mobile  parts 
of  the  column  are  the  lower  cervical  vertebrae,  the  11th  dorsal  to  the  2nd  lumbar 
and  the  lower  two  lumbar  vertebrae  (E.  H.  Weber. ) 

3.  The  centre  of  gravity  of  the  head,  trunk,  and  arms,  when  fixed  as 
above,  lies  in  front  of  the  tenth  dorsal  vertebra.  It  lies  further  forward, 
in  a  horizontal  plane  passing  through  the  xiphoid  process  (Weber),  the 
greater  the  distension  of  the  abdomen  by  food,  fat,  or  pregnancy.  A 
line  drawn,  vertically  downwards  from  the  centre  of  gravity,  passes 
behind  the  line  uniting  both  hip  joints.  Hence,  the  trunk  would  fall 
backwards  on  the  hip  joint,  were  it  not  prevented,  partly  by  ligaments 
and  partly  by  muscles.  The  former  are  represented  by  the  ileof emoral 
band  and  the  anterior  tense  layer  of  the  fascia  lata.  As  ligaments 
alone,  however,  never  resist  permanent  traction,  they  are  aided,  especially 
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bj  the  ileopsoas  mnscle  inserted  into  the  small  trochanter,  and  in  part 
also,  hj  the  rectus  femoris.  Lateral  movement  at  the  hip  joint,  where- 
bj  the  one  limb  mnst  be  abducted  and  the  other  adducted,  is  prevented 
ee^cially  by  the  large  mass  of  the  glutei  When  the  leg  is  extended, 
the  ileofemoral  ligament,  aided  by  the  fascia  lata,  prevents  adduction. 

4.  The  rigid  part  of  the  body,  head,  and  trunk,  with  the  arms 
and  the  legs,  whose  centre  of  gravity  lies  lower  and  only  a  little  in 
front,  so  that  the  vertical  line  drawn  downwards  intersects  a  line 
connecting  the  posterior  surfaces  of  the  knee  joints,  must  now  be  fixed 
at  the  knee  joint  Falling  backwards  is  prevented  by  a  slight  action 
of  the  quadriceps  femoris,  aided  by  the  tension  of  the  fascia  lata. 
Indirectly  it  is  aided  also  by  the  ileofemoral  ligament.  Lateral  move- 
ment of  the  knee  is  prevented  by  the  disposition  of  the  strong  lateral 
ligaments.  Eotation  cannot  take  place  at  the  knee  joint  in  the  ex- 
tended position  (§  305,  L,  3). 

5.  A  Une  drawn  downwards  from  the  centre  of  gravity  of  the  whole 
body,  which  lies  in  the  promontory,  falls  slightly  in  front  of  a  line 
between  the  two  ankle  joints.  Hence,  the  body  would  fall  forward  on 
the  latter  joint.  This  is  prevented  especially  by  the  muscles  of  the 
calf,  aided  by  the  muscles  of  the  deep  layer  of  the  leg  (tibialis  posticus, 
flfizors  of  the  toes,  peroneus  longus  et  brevis). 

Other  factors:— {a)  Aa  the  long  azui  of  the  foot  forma  with  the  leg  an  angle  of 
50^,  falling  forward  can  only  occur  after  the  feet  are  in  a  position  more  nearly 
paraUel  with  their  long  axis,  {b)  The  form  of  the  articular  surfaces  helps,  aa  the 
aaberioT  broad  part  of  the  astragalus  must  be  pressed  between  the  two  malleoli. 
The  latter  mechanism  cannot  be  of  much  importance. 

6.  The  metatarsus  and  phalanges  are  united  by  tense  ligaments  to 

form  the  arch  of  the  foot,  which  touches  the  ground  at  three  points — 

tuber  calcanei  (heel),  the  head  of  the  first  metatarsal  bone  (ball -of  the 

great  toe),  and  of  the  fifth  toe.     Between  the  latter  two  points,  the 

heads  of  the  metatarsal  bones  also  form  points  of  supports.     The 

weight  of  the  body  is  transmitted  to  the  highest  part  of  the  arch  of 

the  foot,  the  caput  tali.     The  arching  of  the  foot  is  fixed  only  by 

ligaments.     The  toes  play  no  part  in  standing,  although,  when  moved 

by  their  muscles,  they  greatly  aid  the  balancing  of  the  body.     The 

maintenance  of  the  erect  attitude  fatigues  one  more  rapidly  than 
walking. 

309.  Sitting. 

Sitting  is  that  position  of  equilibrium  whereby  the  body  is  suj^rted 
OQ  the  tubera  ischii,  on  which  a  to  and  fro  movement  may  take  place 
(H.  V.  Meyer).     The  head  and  trunk  together  are  made  i^igid  to  form 
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an  immovable  colonm,  as  in  standing.  We  may  diatingoislL :  1.  The 
forward  posiure,  in  which  the  line  of  gravity  passes  in  front  of  the 
tnbera  ischii ;  the  body  being  supported  either  against  a  fixed  object, 
<-^*)  by  means  of  the  arm  on  a  table  or  against  the  upper  surface  of  the 
thigh.  2.  The  "badcwao'd  posture,  in  which  the  line  of  gravity  £eJIs 
behind  the  tubera.  A  person  is  prevented  from  falling  backward  either 
by  leaning  on  a  support,  or  by  the  counter-weight  of  the  legs  kept 
extended  by  muscular  action,  whereby  the  sacrum  forms  an  additional 
point  of  support,  while  the  trunk  is  fixed  on  the  thigh  by  the  ileopsoas  and 
rectus  femoris,  the  leg  being  kept  extended  by  the  extensor  quadriceps. 
Usually  the  centre  of  gravity  is  so  placed,  that  the  heel  also  acts  as  a  point 
of  support.  The  latter  sitting  posture  is  of  course  not  suited  for  resting 
the  muscles  of  the  lower  limbs.  3.  When  *'  sUHng  erect "  the  line  of 
gravity  falls  between  the  tubera  themselves.  The  muscles  .of  the  legs 
are  relaxed,  the  rigid  trunk  only  requires  to  be  balanced  by  sligjbt 
muscular  action.  Usually  the  balancing  of  the  head  is  sufficient  to 
maintrfvin  the  equilibrium. 

310.  Walking,  Running. 

Sy  the  term  walking  is  understood  progression  in  a  forward  hori- 
zontal direction  with  the  least  possible  muscular  exertion,  due  to  the 
alternate  activity  of  the  two  legs.  The  following  facts  have  been 
determined  by  the  researches  of  W.  &Ed.  Weber,  v.  Meyer,  Marey,  and 
others : — 


Fig.  260. 

PhMM  of  walking — ^The  thick  lines  repzeaent  the  active,  the  thin  the  paMiTtt  kg; 
A,  the  hip  joint;  k,  a,  knee;  /,  b,  ankle;  c,  d,  heel;  m,  e,  ball  of  the  tarso- 
metatarsal joints;  z,  g,  point  of  great  toe. 

In  walking,  the  legs  are  active  alternately;  while  one — ^the  *^ sup- 
porting'' or  "active"  leg-^-carries  the  trunk,  the  other  is  '^inactive'' 
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or  "  passive."    Each  leg  is  alternately  in  an  active  and  a  passive  phase. 
Walking  may  be  divided  into  the  following  movements : — 

L  Act  (Fig.  260,  2). — ^The  active  leg  is  vertical^  slightly  flexed  at 
the  knee,  and  it  alone  supports  the  centre  of  gravity  of  the  body.  The 
passive  leg  is  completely  extended,  and  touches  the  ground  only  with 
the  tip  of  the  great  toe  (z).  This  position  of  the  1^  corresponds  to 
a  right-angled  triangle,  in  which  the  active  leg  and  the  ground  form 
two  sides,  while  the  passive  leg  is  the  hypothenuse. 

n.  Act. — ^For  the  forward  movement  of  the  trunk,  the  active  leg  is 
inclined  slightly  from  its  vertical  position  to  an  oblique  and  more  for- 
ward (hypothenuse)  position  (3).  In  order  that  the  trunk  may  remain 
at  the  same  height,  it  is  necessary  that  the  active  leg  be  lengthened. 
This  is  accomplished  by  completely  extending  the  knee  (3,  4,  5),  as 
well  as  by  lifting  the  heel  from  the  ground  (4,  5),  so  that  the  foot 
rests  on  the  balls  on  the  heads  of  the  metatarsal  bones,  and,  lastly,  by 
elevating  it  on  the  point  of  the  great  toe  (2,  thin  line).  Durincf 
the  extension  and  forward  movement  of  the  active  leg,  the  tips  of  the 
toes  of  the  passive  leg  have  left  the  ground  (3).  It  is  slightly  flexed 
at  the  knee  joint  (owing  to  the  shortening),  it  performs  a  ''  pendulum- 
like movement "  (4,  6),  whereby  its  foot  is  moved  as  far  in  front  of  the 
active  leg  as  it  was  formerly  behind  it.  The  foot  is  then  placed  flat 
upon  the  ground  (1,  2,  thick  lines) ;  the  centre  of  gravity  is  now  trans- 
ferred to  this  active  leg,  which,  at  the  same  time,  is  slightly  flexed  at 
the  knee,  and  placed  vertically.     The  first  act  is  then  repeated. 

Simultaneous  Movements  of  the  Trunk.— During  walking,  the  trunk  per- 
forms certain  characteristic  movements.  (1)  It  leans  eveiy  time  towards  the 
active  leg,  owing  to  the  traction  of  the  glutei  and  the  tensor  fasciae  latae,  so  that 
the  centre  of  gravity  is  moved,  which  in  short,  heavy  persons  with  a  broad  pelvis 
leads  to  their  "  waddling  *'  gait.  (2)  The  trunk,  especially  during  rapid  walking, 
is  inclined  slightly  forward  to  overcome  the  resistance  of  the  air.  (3)  During  the 
"pendulum-like  action,"  the  trunk  rotates  slightly  on  the  head  of  the  active 
femur.  This  rotation  is  compensated,  especially  in  rapid  walking,  by  the  arm  of 
the  same  side  as  the  oscillating  leg  swinging  in  the  opposite  direction,  while  that 
on  the  other  side,  at  the  same  time  swings  in  the  same  direction  as  the  oscillating 
limb. 

Modifying  GonditionB :  1.  The  Duration  of  the  Step, — ^As  the  rapidity 
of  the  vibration  of  a  pendulum  (leg)  depends  upon  its  length,  it  is 
evident  that  each  individual,  according  to  the  length  of  his  legs,  must 
have  a  certain  natural  rate  of  walking.  The  "duration  of  a  siep^* 
depends  also  upon  the  time  during  which  both  feet  touch  the  ground 
simultaneously,  which,  of  course,  can  be  altered  voluntarily.  When 
"  walking  rapidly  "  the  time  =  0 — ie.,  at  the  same  moment  in  which 
the  active  leg  reaches  the  ground,  the  passive  leg  is  raised.  2.  The 
Length  of  the  Step, — ^Usually  about   6-7  decimetres  [23-27  inches] 
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(Vierordt)  must  be  greater^  the  more  the  length  of  the  hypothenuse  of 
the  passiye  leg  exceeds  the  cathetus  of  the  active  one.  Hence,  during 
a  long  step,  the  active  leg  is  greatly  shortened  (by  flexion  of  the  knee), 
so  that  the  trunk  is  pulled  downwards.  Similarly,  long  legs  can  make 
longer  steps. 

According  to  Marey  and  others,  the  pendulum-movement  of  the  passive  leg  is 
not  a  true  pendulum-movement,  because  its  movement,  owing  to  muscular  action, 
is  of  more  uniform  rapidity.  During  the  pendulum-movement  of  the  whole  Hmb, 
the  leg  vibrates  for  itself  at  the  knee  joint  (Lucae,  H.  Vierordt). 

Fixation  of  the  Femur.— According  to  Ed.  and  W.  Weber,  the  head  of  the 
femur  of  the  passive  leg  is  fixed  in  its  socket  chiefly  by  the  atmospheric  pressure, 
so  that  no  muscular  action  is  necessary  for  carrying  the  whole  limb.  If  all  the 
muscles  and  the  capsule  be  divided,  the  head  of  the  femur  still  remains  in  the 
cotyloid  cavity.  Rose  refers  this  condition  not  to  the  action  of  the  atmospheric 
pressure,  but  to  two  adhesion  surfaces  united  by  means  of  synovia.  The  experi- 
ments of  Aeby  show,  that  not  only  the  weight  of  the  limb  is  supported  by  the 
atmospheric  pressure,  but  that  the  latter  can  support  several  times  this  weight. 
When  traction  is  exerted  on  the  limb,  the  margins  of  the  cotyloid  ligament  of  the 
cotyloid  cavity  are  applied  like  a  valve  tightly  to  the  maigin  of  the  cartilage  of 
the  head  of  the  femur.  According  to  the  Brothers  Weber,  the  leg  falls  from  its 
socket,  as  soon  as  air  is  admitted  by  making  a  perforation  into  the  articular  cavity. 

The  pressure  upon  the  sole  of  the  foot  in  walking  is  distributed  in  the  following 
manner: — ^The  supporting  leg  always  presses  more  strongly  on  the  ground  than  the 
other;  the  longer  the  step  the  greater  the  pressure.  The  heel  receives  the 
maximum  of  pressure  sooner  than  the  point  of  the  foot  (Carlet). 

Bnnning  is  distinguished  from  rapid  walking  by  the  fact  that,  at  a 
particular  moment,  both  legs  do  not  touch  the  ground,  so  that  the  body 
is  raised  in  the  air.  The  active  leg,  as  it  is  forcibly  extended  from  a 
flexed  position,  gives  the  body  the  necessary  impetus. 

Pathological. — ^Variations  of  the  walking  movements  depend  primarily  upon 
diseases  of  bones,  ligaments,  muscles,  and  tendons,  and  also  upon  afifections  of  the 
motor  nerves.  The  effect  of  sensory  nerves  and  the  reflex  mechanism  of  the  spinal 
cord,  and  also  of  the  muscular  sense  on  walking,  are  stated  in  §§  355,  360,  430. 


311.  Comparative. 

In  mammalB,  standing  is  much  more  easy,  as  they  have  four  supporting  sur- 
faces. The  springing  animals  have  a  sitting  attitude,  while  the  tail  is  often  used 
as  a  support  (kangaroo,  squirrel).  In  birds,  there  is  a  mechanical  arrangement 
by  which,  while  perching,  the  tendons  are  flexed — hence,  a  bird  while  sleeping 
can  still  retain  its  hold  (Cuvier).  In  the  stork  and  crane  which  stand  for  a  long 
time  on  one  leg,  this  act  is  unaccompanied  by  muscular  action,  as  the  tibia  is  fixed 
by  means  of  a  process  which  fits  into  a  depression  of  the  articular  surface  of  the 
femur. 

In  waDdng,  we  distinguish  in  mammals  the  8Up  (le  pas)— the  four  feet  are 
generally  moved  in  four  tempo,  and  usually  diagonally — e.g,,  in  the  horse  right 
fore,  left  hind ;  left  fore,  right  hind.  [The  camel  is  an  exception—it  moves  the  fore 
and  hind  limbs  simultaneously  on  each  side.]  In  trottingi  this  movement  is 
accelerated,   the  two  limbs  in  a  diagonal  direction  lift  together,  so  that  only 
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two  hoof-sooncLs  are  heard;  while,  at  the  same  time^  the  body  is  raised  nore  in 
the  air.  Daring  the  interval  between  two  hoof-beats,  the  body  is  free  in  the 
■air,  all  the  limbs  having  lefb  the  ground.  Strictly  speaking,  the  fore  limb 
leaves  the  ground  slightly  sooner  than  the  hind  one.  The  gallop — When  a 
(right)  galloping  horse  moves  in  the  air,  the  upper  part  of  its  body  is  fairly  hori- 
zontal; when  it  touches  the  ground,  the  left  hind  foot  is  the  first  to  tooch  the 
ground.  Shortly  thereafter,  tibe  left  fore  and  right  hind  foot  touch  the  ground, 
while  the  right  fore  leg  has  not  yet  reached  the  ground  and  is  directed  £cirward. 
The  upper  part  of  the  body  still  retains  its  horizontal  directum.  When,  however, 
4  few  moments  thereafter,  the  left  hind  leg  again  leaves  the  ground,  it  is  higher 
than  the  fore  leg— simultaneously  the  right  fore  leg  is  thrown  forward  and  lower, 
while  the  right  hind  and  left  fore  leg  are  stretched  to  the  extreme.  Immediately 
thereafter  these  limbs  leave  the  ground,  while  the  hind  limb,  so  fisr  overtakes  the 
fore  limb,  that  it  comes  to  lie  higher  than  the  latter.  The  body,  therefixre,  is 
projected  forwards  and  downwards  until  the  right  fore  limb,  which  alone  toufihee 
the  ground,  actively  contracts  and  again  raises  the  body  from  the  grooad.  When 
this  happens,  the  horse  again  floats  in  the  air,  its  body  being  directed  horizantally. 
The  long  axis  of  the  horse's  body  in  galloping  is  placed  obliquely  to  the  direction 
of  movement,  and  forming  a  right  angle.  In  forced  galloping  (la  canike),  which 
is  really  a  springing  movement,  the  right  hind  leg  and  left  fore  I^  do  not  touch 
the  ground  at  the  same  time,  but  the  former  does  so  sooner. 

The  amble  is  a  modification  of  the  step,  which  consists  in  this,  that  both  feet  <m 
the  same  side  move  at  the  same  time  or  shortly  after  each  other  (camel,  giraft, 
elephant). 

Marey  attached  compressible  ampullie  under  the  hoof  of  a  horae,  connecting 
them  with  registering  apparatus,  and  thus  accurately  registered  the  time-relations 
of  each  act.  Muybridge  photographed  the  actions  of  a  horse  and  the  difiGBrait 
phases  of  the  movement. 

Swimming  is  an  acquired  art  in  man.  The  specific  gravity  of  the  body  is 
slightly  greater  than  that  of  ordinary  water,  but  slightly  lighter  than  that  of 
sea  water.  When  lying  quietly  on  the  back,  so  that  only  the  mouth  and  nose 
are  at  last  above  the  water,  very  slight  movements  of  the  hands  are 
necessary  to  keep  a  person  from  sinking.  In  this  position,  progression  can  be 
accomplished  by  extending  and  adducting  the  legs,  while  the  movement  is  accel- 
erated by  rudder-like  movements  of  the  arms.  Swimming  belly  downwards  is  more 
•difiicult,  because  the  head,  being  held  above  the  water,  makes  the  body  specifically 
heavier.  The  forward  movement  and  the  act  of  supporting  the  body  in  the  water 
•consist  of  three  acts  i^Firat,  horizontal,  rudder-like,  movements  of  the  extended 
arms  from  before  backwards,  until  they  reach  the  horizontal  position  (forward 
movement) ;  second,  pressure  of  the  arms  downward,  with  subsequent  adduction  of 
the  elbow  joint  to  the  body  (elevation  of  the  body),  together  with  retraction  of  the 
•extended  legs ;  tfiirdf  projection  of  the  arms,  now  brought  together,  and  at  the 
4same  time  exension  and  adduction  of  the  legs  obliquely  backwards  and  downwards, 
thus  causing  elevation  of  the  body  as  well  as  a  forward  movement.  Too  mpid 
movements  cause  fatigue,  while  the  respirations  must  be  carefully  regulated. 

Many  land  mammalfly  whose  bo^  is  specifically  Ughter  than  water,  can 
awim,  especially  with  the  aid  of  their  hind  limbs,  while  at  the  same  time,  all  the 
legs  b^ng  directed  downwards,  and  being  specifically  the  heaviest  part  of  the  body, 
Iceep  the  trunk  in  the  normal  position. 

Fishes  chiefly  use  their  tail  fin  as  a  motor  organ,  which  is  moved  by  powerfid 
lateral  muscles.  When  the  tail  is  suddenly  extended,  it  presses  upon  the  water 
and  displaces  it.  Some  fish,  as  the  salmon,  can  lift  their  body  out  oi  the  water  by 
a  blow  of  their  tail  fin.  The  dorsal  and  anal  fins  enable  the  animal  to  prsserve 
the  erect  position.  The  pectoral  and  abdominal  fins  oorresponding  to  the  extrem- 
ities execute  slight  movements,  especiaUy  upwards  and  downwards,  which  are 
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greater  duriog  sleep.  The  aynmrning  Uadder  is  the  homologae  of  the  long,  and 
IB  used  for  hydrostatic  purposes  in  some  fiahee,  and  aa  an  auziliary  respiratory 
organ  in  others — e.g.f  the  dipnoi  (§  140).  It  is  absent  or  rudimentary  in  the 
cyclostomata.  In  gwimming  birds,  the  body  is  specifically  very  much  lighter  than 
the  water,  while  their  feathers  are  lubricated  by  the  oily  secretion  of  the  coccygeal 
glands  (§291).    Their  feet  are  usually  webbed. 

Flight. — BaU  and  their  allies  are  the  only  flying  mammals.  The  bones  of  the 
upper  limb  and  phalanges  are  greatly  elongated,  and  between  these  and  the 
elongated  hind  limb  (except  the  foot)  there  is  stretched  a  thin  membrane.  The 
membrane  is  moved  by  tibe  powerful  pect(»ral  muscles.  The  flying  squirrel  has 
only  a  duplicatnre  of  the  skin  stretched  between  the  large  bones  of  the  extremities, 
which  serves  as  a  parachute  when  the  animals  spring.  In  birth,  the  body  is 
specifically  veiy  light ;  numerous  air-sacs  in  the  chest  and  belly  communicate  with 
the  lungs,  and  with  the  cavities  of  most  of  the  bones  (§  140).  The  modified  upper 
extremities  are  supported  by  the  coracoid  bone  and  the  united  clavicles  or  furculum, 
and  are  moved  by  the  powerful  pectoral  muscles  attached  to  the  keeled  sternum. 


Yoice  and  Speecli. 


312.  Physical  Considerations. 

The  blast  of  expired  air — and  under  certain  circumstances;  the 
inspiratory  blast  also — is  employed  to  throw  the  tense  vocal  cords 
into  a  state  of  regular  vibration,  whereby  a  sound  is  produced.  The 
sound  so  produced  is  the  human  voice. 

The  true  vocal  cords  are  really  elastic  membranous  reeds.  If  a  blast  of  air 
be  forcibly  driven  upwards  through  the  partially  dosed  glottis,  the  vocal  cords 
are  pushed  asunder,  as  the  elastic  tension  of  the  air  overcomes  the  resistance  of  the 
oords.  After  the  escape  of  the  air  from  below,  the  cords  rapidly  return  to  their 
former  position,  and  are  again  pushed  asunder,  and  caused  to  vibrate. 

1.  Thus,  when  a  membrane  vibrates,  the  air  must  be  alternately  condensed  and 
rarefied.  The  condensation  and  rarefietction  are  the  chief  cause  of  the  tone  or  note, 
as  in  the  siren,  not  so  much  the  membranes  themselves  (v.  Helmholtz). 

2.  The  **  air-tube**  or  parte  ventt,  conducting  the  air  to  the  membranes  Is  in 
man  the  lower  portion  of  the  Uurjrnz,  the  trachea,  and  the  whole  bronchial  system ; 
the  beUowa  is  represented  by  the  chest  and  lungs,  which  are  forcibly  diminished 
iXL  size  by  the  expiratory  muscles. 

3.  The  cavities  which  lie  above  the  membranes  constitute  ^^remmaiort,**  and 
consist  of  the  upper  part  of  the  laiynx,  pharynx,  and  also  of  the  cavities  of  the 
nose  and  mouth,  arranged,  aa  it  were,  in  two  atorifis,  the  one  over  the  other,  which 
can  be  closed  alternately. 

.  The  pitch  of  the  tone  produced  by  a  membranous  apparatus  depends  upon  the 
following  fectors :— 
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(a)  On  the  length  of  the  elastic  membranes  or  plates.  The  pitch  is  inversely 
proportional  to  the  length  of  the  elastic  membrane,  t.e. ,  the  shorter  the  membrane 
the  higher  the  pitch,  or  the  greater  the  number  of ^  vibrations  per  second.  Hence, 
the  pitch  of  a  child's  vocal  cords  (shorter)  is  higher  thiin  that  of  an  adult. 

{b)  The  pitch  of  the  tone  is  directly  proportional  to  the  square  root  of  the  amount 
of  the  elasticity  of  the  elastic  membrane.  In  membranous  reeds,  emd  also  with 
silk,  it  is  directly  proportional  to  the  square  root  of  the  extending  weight,  which 
in  the  case  of  the  larynx,  is  the  force  of  the  muscles  rendering  the  cords  tense. 

(c)  The  tone  of  membranous  reeds  is  not  only  9trengtJtened  by  a  more  powerful 
blast,  as  the  amplitude  of  the  vibrations  is  increased,  but  the  pitch  of  the  tone  may 
also  be  raised  at  the  same  time,  because,  owing  to  the  great  amplitude  of  the 
vibration,  the  mean  tension  of  the  elastic  membrane  is  increased  (Johannes 
MuUer). 

{d)  The  supra-laryngeal  cavities,  which  act  as  reaoiiatorSf  are  also  inflated  when 
the  larynx  is  in  action,  so  that  the  tone  produced  by  these  cavities  is  added  to,  and 
blended  with,  the  sound  of  the  elastic  membranes,  whereby  certain  partial  tones  of 
the  latter  are  strengthened  (§  415).  The  characteristic  timbre  of  the  voice  largely 
depends  upon  the  form  of  the  resonators. 

(0)  When  vocalising,  the  strongest  resonance  takes  place  in  the  air-tubes,  as  they 
contain  compressed  air.  It  causes  the  vocal  fremitus  which  is  audible  on  placing 
the  ear  over  the  chest  (§117,  6). 

(/)  Narrowing  or  diUiHng  the  glottis  has  no  effect  on  the  pitch  of  the  tone,  only 
with  a  wide  glottis,  much  more  air  must  be  driven  through  it,  which  of  course 
greatly  increases  the  work  of  the  thorax. 


313.  Arrangement  of  the  Larynx. 

I.  The  Cartilages  and  Ligaments  of  the  Larynx. — The  fundamental 
part  of  the  larynx  consists  of  the  cricoid  cartilage,  whose  small  narrow 
portion  is  directed  forwards  and  the  broad  plate  backwards.  The 
thyroid  cartilage  articulates  by  its  inferior  comu  with  the  posterior 
lateral  portion  of  the  cricoid.  This  permits  of  the  thyroid  cartilage 
rotating  upon  a  horizontal  axis  directed  through  both  of  the  articular 
surfaces,  so  that  the  upper  margin  of  the  thyroid  passes  forward  and 
downward,  while  the  joint  is  so  constructed  as  to  permit  also  of  a 
slight  upward,  downward,  forward,  and  backward  movement  of  the 
thyroid  upon  the  cricoid  cartilage  (Harless,  Henle).  The  triangular 
arytenoid  cartilages  articulate  at  some  distance  from  the  middle  line 
with  oval,  saddle-like,  articular  surfaces  placed  upon  the  upper  margin  of 
the  plate  of  the  cricoid  cartilage.  The  articular  surfaces  permit  two 
kinds  of  movements  on  the  part  of  the  arytenoid  cartilages:  first,  rotation 
on  their  base  around  their  vertical  long  axis,  whereby  either  the 
anterior  angle  or  processus  vocalis,  which  is  directed  forwards,  is  rotated 
outwards;  while  the  processus  muscularis,  which  is  directed  outwards, 
and  projects  over  the  margin  of  the  cricoid  cartilage,  is  rotated  back- 
wards and  inwards,  or  conversely.  Further,  the  arjrtenoids  may  be 
slightly  displaced  upon  their  bases  either  outwards  or  inwards. 
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Fig.  261. 

The  luyiUL  from  the  front,  witli  the 
ligamenta  Mid  tha  iuoertioDa  of  the 
muBclet — O.  A.j'M  hycudenm;  U.  th., 
CartiL  thyrecridea  ;  Carp.  Irit,  Corpus 
triticeiuii;  C,  c,  Cutil.  cricoldea)  G.  Ir., 
CartiL  trachealea;  Lig.  thyr.-hyoid.  iwd., 
Ugajnantniii  thyreo-hyoidaum  mediimi ; 
Lig.  (A.-&.  lot.,  Li^tmentum  thyreo- 
hyoidenm  laterals;  Lig.  enc-thyr.  med.. 
Ligament,  crico-thyieoideom  miMliimi; 
Lig.  cric.-trach.,  Ligam.  ciico-ttaoheale; 
M.  tL-h.,  Miuo.  itemo-hycudem ;  3f. 
lA.-hyoid,  Miuc.  thyreo-hyoidani ;  M. 
(t.-fA.,  Husc.  sterno-thyreoidem  I  M. 
cr.-tK.,  MoBc  crico-thyreoideni. 


Fig.  262. 

Tha  larynx  from  behind  tlfter 
moral  of  tha  miucles— £.,  Epiglot- 
tii,  with  the  cushion  (W.);  L, 
ep.,  Ligam.  ary-apiglotticDm 
m.,  Membranit  mncou;  C. 
CmUL  Wriibergii ;  C.  S.,  Cartil. 
SantOTinii ;  C.  aryt.,  CartiL  arytie- 
nwdea;  0.  e.,  Cartil.  cricoidea 
P.  m.,  Frocewus  miucnlaria  of 
Cart,  airteeti;  L.  er.-ar.,  Ligam. 
crico-aiylieD ;  C«.,oomii  snperins 
C.  L,  Coniti  infenoa  d.  Cart,  thy- 
raoidea;  L.  ee.-er.  p,  i,,  Ligam, 
kerato-cricoidenin.  post,  inf.;  C.  tr. 
CartiL  tracbealea  ;  P.  m.  Ir.,  Pan 
membranacea  tracben. 


The  trne  vocal  cords,  or  thyio-aiytenoid  ligaments,  are  in  man  aibout 
15  millimetres,  and  in  woman  II  millimetres  in  length,  and  consist  of 
numerous  elastic  fibres.  They  arise  close  to  each  other  from  near  the 
middle  of  the  inner  angle  of  the  thyroid  cartilage,  and  are  inserted,  each 
into  the  anterior  angle  or  processus  vocalis  of  the  arytenoid  cartilages. 
The  veniricles  of  Morgagni  permit  free  vibration  of  the  true  vocal  cords, 
and  separate  them  from  the  upper  or  false  cords,  which  consist  of  folds 
of  macous  membrane.     The  false  vocal  cords  are  not  concerned  in 
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plionation,  bnt  the  secretioo  of  their  nnmerouB  mucons  glands  moistoos 
the  true  vocal  cords. 

The  obliqnslj  dincted  under  ani&ce  of  the  yoeal  ooiia  oiuea  the  cordi  to  oome 
together  vety  ttxXj  when  the  glottis  U  narrcnr  dnriog  reepirktion  {eg.,  in  sobbing), 
while  the  domre  may  be  made  auae  tecnre  by  tespirktion.  The  oppoeite  u  the 
condition  of  the  false  vocml  oordi,  which,  when  tiiey  touch,  are  eadly  leparaited 
during  ifupiration ;  while,  during  expiration,  owing  to  the  dilatation  of  the  ven- 
tiiolea  of  ilarffiffa,  they  eMily  oome  togeUieT  and  cloae  (Wyllie,  L.  Bnmton  and 
Ca«h> 


Pig.26i. 


lAiynx  from  behind  with  it«  miucleB 
—J!.,  Epiglottis,  with  the  cnahion 
(W.);  C.  jr.,  CartiL  Wriaberipi;  C.  S. , 
Cartil.  Santoriniann ;  C.  c,  Cartil. 
cricoidea.  Coma  anp.— Conn  inf. 
Cartilagini*  thyraoiden ;  M.  or.  U-., 
Hucnlns  arytmoidena  tranaremu ; 
Jfm.  or.  oU,  Mnacnli  arytEDoidei 
obliqni ;  It.  cr.-aryt  po*t.,  Mnscnlna 
crico-arytceDoidena  poiticna;  Pan. 
toft..  Pars  cartalaginea;  Port  wttmb.., 


The 


of  the  larynx— 0.  K,  O'  byoi- 
denm;  C.  tK,  Cartil.  tbyreoidea;]C  e,, 
CartiL  cricoidea;  TV.,  Trachea;  M. 
tK-ar,,  Miucnlna  thyreo-arytenotdeiu; 
M.  rr.-ar.  p.,  MuBcolne  crico-arytn- 
noidena  pcsticna ;  ii.  er.-ar.  J.,  Mas- 
culnscrico-arytsn.  kteralit;  Af.  er.-th., 
MoBcnlns  crico-thyreoideua ;  N,  lar. 
sup.  v.,  Nerrns  Uryngeus  enperior 
nerri  Tag! ;  B.  I.,  Hamns  intemns ;  B. 
S.,  Ramns  eztemni ;  tf.  lar.  rte.  v., 
Nerrns  laiyngens  recnrrens  vagi ;  B. 
I.  N.  L.  B. ,  Ramus  intemus ;  B.  B. 
Jf.  L.  R,,  Ramua  eitemns  nerri  Uiyn- 
gd  recnrrentis  vagi. 
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II.  Actum  of  tlie  Laiyngeal  Muscles. — ^Tbese  muscles  have  a  double 
fimctioii  :*-^l.  One  connected  inih  respiraiicn,  in  as  far  as  the  glottis  is 
widened  and  narrowed  alternately  during  respiration;  further,  when 
the  glottis  is  firmly  closed  by  these  muscles,  the  entrance  of  foreign 
substances  into  the  larynx  is  prevented.  The  glottis  is  closed  imme- 
diately before  the  act  of  coughing  (p.  248).  2.  The  laryngeal  muscles 
give  the  vocal  cords  the  proper  tension  and  other  conditions  for 
phanaiwTL 

1.  The  glottis  is  dilated  by  the  action  of  the  posterior  crico-arytenoid 
muscles.  When  they  contract,  they  pull  both  processus  musculares  of 
the  arytenoid  cartilages  backwards,  downwards,  and  towards  the  middle 
line  (Fig.  265),  so  that  the  processus  vocales  (I,  I)  must  go  apart  and 
upwards  (11,  IE).  Thus,  between  the  vocal  cords  {glottis  vocalis)^  as 
well  as  between  the  inner  margins  of  the  arytenoid  cartilages,  a  large 
triangular  space  is  formed  {ffhttis  respirataria),  and  these  spaces  are  so 
arranged  that  their  bases  come  together,  so  that  the  aperture  between 
the  cords  and  the  arytenoid  cartilages  has  a  rhomboidal  form.  Fig.  265 
shows  the  action  of  these  muscles.  The  vocal  cords,  represented  by 
lines  converging  in  front,  arise  from  the  anterior  angle  of  the  arytenoid 


Fig.  265. 

Schematic  horizontal  seetion  cf  the  larynx — 
I,  Position  of  tiie  horuontally  divided 
arytenoid  cartilages  during  respiraiioin ; 
from  their  anterior  pTocesBea  mn  the 
converging  vocal  cords.  The  arrows  show 
the  line  of  traotlan  of  the  pOBterior  cntxh 
arytenoid  mnseleB ;  11,  II,  the  position  of 
the  arytenoid  nmsclet  as  a  result  of  this 
action. 


Fig.  266. 

Schematic  horizontal  section  through  the  larynx^ 
to  illtistrate  the  action  of  the  arytenoid 
fmt9de  —  I,  I,  position  of  the  arytenoid 
cartilages  dining  qniet  respiratioo.  The 
arrows  indicate  the  direction  of  thejcon- 
traction  of  the  muscle— 11,  II,  the  position 
of  the  arytenoid  cartilages  after  2  the 
arytenoideos  contracts. 
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cartilages  (I,  I).  When  these  cartilages  are  rotated  into  the  position 
(II,  II),  the  cords  take  the  position  indicated  by  the  dotted  lines.  The 
widening  of  the  respiratory  portion  of  the  glottis  between  the  arytenoid 
cartilages  is  also  indicated  in  the  diagram. 

Pathological.— When  these  muscles  are  paralysed,  the  widening  of  the  glottis 
does  not  take  place,  and  there  may  be  severe  dyspnoea  during  inspiration  (Biegel, 
L.  Weber),  although  the  voice  is  unaffected. 

2.  The  entrance  to  the  glottis  is  constricted  by  the  arytenoid  muscle 
(transverse),  which  extends  transversely  between  both  outer  surfaces  of 
the  arytenoids  along  their  whole  length  (Fig.  266).  On  the  posterior 
surface  of  this  muscle  is  placed  the  cross  bundles  (Fig.  263)  of  the 
thyro-aryepiglotticus  (or  arytsenoidei  obliqui);  they  act  like  the  fore- 
going. The  action  of  these  muscles  is  indicated  in  Fig.  266;  the 
arrows  point  to  the  line  of  traction. 

Pathological.— Paralysis  of  this  muscle  enfeebles  the  voice  and  makes  it 
hoarse,  as  much  air  escapes  between  the  arytenoid  cartilages  during  phonation. 

3.  In  order  that  the  vocal  cords  be  approximated  to  each  other, 
which  occurs  during  phonation,  the  processus  vocales  of  the  arytenoid 
cartilages  must  be  closely  apposed,  whereby  they  must  be  rotated 
inwards  and  downwards.     This  result  is  brought  about  by  the  processus 

musculares  being  moved 
in  a  forward  and  upward 
direction  by  the  thyro- 
.  arytenoid  muBdes,  These 
muscles  are  applied  to, 
and  in  fact  are  embedded 
in,  the  substance  of  the 
elastic  vocal  cords,  and 
their  fibres  reach  to  the 
external  surface  of  the 
arytenoid  cartilages. 
When  they  contract, 
they  rotate  these  carti- 
lages so  that  the  pro- 
cessus vocales  must  ro- 
tate    inwards.        The 


Fig.  267. 


Schematic  horizontal  section  of  the  larynx,  to  illus- 
trate the  closure  of  the  glottis  by  the  intenuU  ,  , . .  v  •  .i.  i. 
thyro-arytenoid  muscles-H,  II,  position  of  the  &^^  ^^>^^  ^  thereby 
arytenoid  cartilages  during  quiet  respiratioo.  narrowed  to  a  mere  slit 
The  arrows  indicate  the  direction  of  the  muscular  /Fig     267)     whilst   the 

mains  as  a  broad  tri- 
angular opening.     The  action  of  these  muscles  is  indicated  in  Fig.  267. 
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The  lateral  orio(Hiryknoid  muscle  is  inserted  into  the  anterior  margin 
of  the  articular  surface  of  the  arytenoid  cartilage;  hence,  it  can  only 
pull  the  csfftilage  forwards  (Henle);  but  some  have  supposed  it  can  also 
.rotate  the  arytenoid  cartilage  in  a  manner  similar  to  the  internal  thyro- 
.  jU7tenoids  (t),  with  this  difference,  that  the  processus  vocales  do  not 
come  so  close  to  each  other. 

Pathological. — Paralysis  of  both  thyro-arytenoid  muacles  causes  loss  of  voioe. 

4.  The  vocal  cords  are  rendered  tense,  by  their  points  of  attach- 
ment being  removed  from  each  other  by  the  action  of  muscles.  The 
chief  agents  in  this  action  are  the  cnca-ihyroid  rrmsdes,  which  pull 
the  thyroid  cartilage  forwards  and  downwards.  At  the  same  time, 
however,  the  posterior  crico-arytenoids  must  pull  the  arytenoid 
cartilages  slightly  backwards,  and  at  the  same  time  keep  them  fixed. 

The  genio-hyoid  and  thyro-hyoid,  when  they  contract,  poll  the  thyroid  upwards 
and  forwards  towards  the  chin,  and  also  tend  to  increase  the  tension  of  the  vocal 
cords  (C.  Mayer,  Grtltzner). 

Pathological.— Paralysis  of  the  crioo-thyroid  causes  the  Yoice  to  beoome  harsh 
and  deep,  owing  to  the  vocal  cords  not  being  sufficiently  tense. 

Position  during  Phonatioa — The  tension  of  the  vocal  cords  brought 
about  in  this  way  is  of  itself  not  sufficient  for  phonation.  The 
triangular  aperture  of  the  glottis  respiratoiia  between  the  arytenoid 
cartilages,  produced  by  the  unaided  action  of  the  internal  thyro- 
arytenoid muscles  (see  3)  must  be  closed  by  the  action  of  the  trans- 
verse and  oblique  arytenoid  muscles.  The  vocal  cords  themselves 
must  have  a  concave  margin,  which  is  obtained  through  the  action  of 
the  crico-thyroids  and  posterior  crico-arytenoids,  so  that  the  glottis  vocalis 
presents  the  appearance  of  a  myrtle  leaf  (Henle),  while  the  rima  glottidis 
has  the  form  of  a  linear  slit  (Fig.  271).  The  contraction  of  the  internal 
thyro-arytenoid  converts  the  concave  margin  of  the  vocal  cords  into  a 
straight  margin.  This  muscle  adjusts  the  delicate  variations  of 
tension  of  the  vocal  cords  themselves,  causing  more  especially  such 
variations  as  are  necessary  for  the  production  of  tones  of  slightly 
different  pitch.  As  these  muscles  come  close  to  the  margin  of  the 
cords,  and  are  securely  woven  as  it  were  amongst  the  elastic  fibres  of 
which  the  cords  consist,  they  are  specially  adapted  for  the  above- 
mentioned  purpose.  When  the  muscles  contract,  they  give  the 
necessary  resistance  to  the  cords,  thus  favouring  their  vibration.  As 
flome  of  the  muscular  fibres  end  in  the  elastic  fibres  of  the  cords,  these 
fibres  when  they  contract,  can  render  certain  parts  of  the  cords 
more  tense  than  others,  and  thus  favour  the  modifications  in  the 

formation  of  the  tones.    The  coarser  variations  in  the  .tension  of  the 
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vocal  cords  are  produced  by  the  separation  of  the  thyroid  from  the 
arytenoid  cartilages,  while  the  finer  variations  of  tension  are  produced 
by  the  internal  thyro-arytenoid  muscles.  The  value  of  the  elastic 
tissue  of  the  cords  does  not  depend  so  much  upon  its  extensibility,  as 
upon  its  property  of  shortening  without  forming  folds  and  creases 
(Henle). 

Pathological- — In  paralysis  of  these  muscles,  the  voice  can  only  be  produced 
by  forcible  expiration,  as  much  air  escapes  through  the  glottis;  the  tones  are  at 
the  same  time  deep  and  impure.  Paralysis  of  the  muscle  of  one  side  causes 
flapping  of  the  vocal  cord  on  that  side  (Gerhardt). 

5.  The  relaxation  of  the  vocal  cords  occurs  spontaneously  when  the 
stretching  forces  cease  to  act;  the  elasticity  of  the  displaced  thyroid 
and  arytenoid  cartilages  comes  into  play,  and  restores  them  to  their 
original  position.  The  vocal  cords  are  also  relaxed  by  the  action  of 
the  thyro-arytenoid  and  lateral  crico-arytenoid  muscles. 

It  is  evident  from  the  above  statements,  that  tension  of  the  vocal  cords 
and  narrowing  of  the  glottis  are  necessary  for  phonation.  The  tension 
is  produced  by  the  crico-thyroids  and  posterior  crico-arytenoids;  the 
narrowing  of  the  glottis  respiratoria  by  the  arytenoids,  transverse  and 
oblique,  the  glottis  vocalis  being  narrowed  by  the  internal  thyro- 
arytenoids and  (?  lateral  crico-arytenoids),  the  former  muscles  causing 
the  cords  themselves  to  become  tense. 

Nerves  (§  352,  5). — ^The  crico-thyroid  is  supplied  by  the  superior 
laryngeal  branch  of  the  vagus,  which  at  the  same  time  is  the  sensory  nerve 
of  the  mucous  membrane  of  the  larynx.  All  the  other  intrinsic  muscles  of 
the  larynx  are  supplied  by  the  inferior  laryngeal 

The  mucous  membrane  of  the  larynx  is  richly  supplied  with  elastic  fibres,  and 
so  is  the  sub-mucosa.  The  sub-mucosa  is  more  lax  near  the  entrance  to  the  glottis 
and  in  the  ventricles  of  Morgagni,  which  explains  the  enormous  swelling  that 
sometimes  occurs  in  these  parts  in  oedema  glottidis.  A  thin,  clear  limiting 
membrane  lies  under  the  epithelium.  The  epithelium  is  stratified,  cylindrical,  and 
ciliated  with  intervening  goblet  cells.  On  the  true  vocal  cords  and  the  anterior 
surface  of  the  epiglottis,  however,  this  is  replaced  by  stratified  squamous  epitheliimi 
which  covers  the  small  papilln  of  the  mucous  membrane.  Numerous  branched 
mucous  glands  occur  over  the  cartilages  of  Wrisberg,  the  cushion  of  the  epiglottis, 
and  in  the  ventricles  of  Morgagni ;  in  other  situations,  as  on  the  posterior  sur&ce 
of  the  larynx,  the  glands  are  more  scattered. 

The  blood-vessels  form  a  dense  capillary  plexus  under  the  membrana  propria 
of  the  mucous  membrane :  under  this,  however,  there  are  other  two  strata  of 
blood-vessels.  The  lymphatics  form  a  superficial  narrow  mesh- work  under  the 
blood-capillaries,  with  a  deeper,  coarser  plexus.  The  medullaied  tterves  have 
ganglia  in  their  branches,  but  their  mode  of  termination  is  unknown.  [W.  Stirling 
has  described  a  rich  sub-epithelial  plexus  of  medullated  nerve-fibres  on  the  anterior 
surface  of  the  epiglottis,  while  he  finds  that  there  are  gauglionic  cells  in  the  course 
of  the  superior  laryngeal  nerve.] 
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CartilagOS. — The  thyroid,  cricoid,  and  nearly  the  whole  of  the  arytenoid 
cartilages  consist  of  hyaline  cartilage.  The  two  former  are  prone  to  ossify.  The 
apex  and  processus  vocalis  of  the  arytenoid  cartilages  consist  of  yeUciw  Jibro- 
cartUage,  and  so  do  all  the  other  cartilages  of  the  larynx. 

The  larynx  grows  until  about  the  sixth  year,  when  it  rests  for  a  time,  but  it 
becomes  again  much  larger  at  puberty. 


314.  Investigation  of  the  Organs  of  Voice 

—Laryngoscopy. 

HistoricaL — After  Bozzini  (1807)  gave  the  first  impulse  towards  the  investigation 
of  the  internal  cavities  of  the  body,  by  illuminating  them  with  the  aid  of  mirrors, 
Babington  (1829)  actually  observed  the  glottis  in  this  way.  The  feimous  singer, 
Manuel  Garcia  (1854)  made  investigations  both  on  himself  and  other  singers, 
regarding  the  movements  of  the  vocal  cords,  during  respiration  and  phonation. 
The  examination  of  the  larynx  by  means  of  the  laryngoscope  was  rendered 
practicable,  chiefly  by  Turck  (1857)  and  Czermak,  the  latter  observer  being  the  first 
to  use  the  light  of  a  lamp  for  the  illumination  of  the  larynx.  Rhinoscopy  was 
actually  first  practised  by  Baum^s  (1838),  but  Czermak  was  the  first  person  who 
investigated  this  subject  systematically. 

The  Larjmgoscope  consists  of  a  small  mirror  fixed  to  a  long 
handle,  at  an  angle  of  126°-130''  (Fig.  268,  B).  When  the  mouth  is 
opened,  and  the  tongue  drawn  forward,  the  mirror  is  introduced,  as  is 
shown  in  Fig.  268,  A.  The  position  of  the  mirror  must  he  varied, 
according  to  the  portion  of  the  larynx  we  wish  to  examine ;  in  some 
cases,  the  soft  palate  has  to  be  raised  hy  the  back  of  the  mirror,  as  in 
the  position,  b.  A  picture  of  the  part  of  the  larynx  examined  is 
formed  in  the  small  mirror,  the  rays  of  light  passing  in  the  direction 
indicated  hy  the  dotted  lines  from  the  mirror ;  they  are  reflected  at  the 
same  angle  through  the  mouth  into  the  eye  of  the  observer,  who  must 
place  himself  ia  the  direction  of  the  reflected  rays. 

The  illumination  of  the  larynx  is  accomplished  either  by  means  of 
direct  sun-light  or  by  light  from  an  artificial  source,  e.g.y  an  ordinary 
lamp  or  an  oxyhydrogen  lime-Ught.  The  beam  of  light  impiages  upon 
a  concave  mirror  of  16-20  centimetres  focus,  and  10  centimetres  in 
width,  and  from  its  surface  the  concentrated  beam  of  light  is  reflected 
through  the  mouth  of  the  patient,  and  directed  upon  the  small  mirror 
held  in  the  back  part  of  the  throat.  The  beam  of  light  is  reflected  at 
the  same  angle  towards  the  larynx  by  the  small  throat  mirror,  so  that 
the  larynx  is  brightly  illuminated.  The  observer  has  now  to  direct  his 
eye  in  the  same  direction  as  the  illuminating  rays,  which  can  be 
accomplished  by  having  a  hole  in  the  centre  of  the  concave  mirror 
through  which  the  observer  looks.  Practically,  however,  this  is  un- 
necessary ;  all  that  is  necessary  is  to  fix  the  concave  mirror  to  the  fore* 
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head  by  means  of  a  broad  elastic  band,  so  that  the  obflerver,  by  lookbg 
ju£t  under  the  margin  of  the  concaTe  mirror,  can  see  the  picture  of  the 
larynx  in  the  small  throat  mirror  (Fig.  269). 


A  vertical  section  through  the  head  and  neck,  as  far  as  the  first  donal  vertebra — 
a,  the  poritioD  of  tiie  Uryngoscopa  oo  obeeTving  the  posterior  part  of  the 
glot^,  aryteooid  cMtilagea,  the  upper  surface  of  the  poiteriot  wall  of  the 
larjDz;  (,  its  poaition  on  obaerving  the  anterior  angle  of  the  glottis. 
Large,  b,  and  a,  nnaU  larjagoacopic  mirrora. 

In  order  to  examine  the  larynx,  place  the  patient  immediately  in  froet  of  you, 
and  cause  him  to  open  his  mouth  and  protrade  hi*  tongue.  A  lamp  U  placed  at 
the  nde  of  Ute  head  of  the  patieut,  and  light  from  this  source  is  reflected  from  the 
ooDoave  mirror  on  the  observer's  forehead,  and  concentrated  upon  the  laryngo- 
eoopic  mirror  introduced  into  the  bock  part  of  the  throat  of  the  patient  (Fig.  2S9}. 

The  Picture  of  the  Laiynz.— Fig.  370  shows  the  foUowing  structures: 
— L,  the  root  of  the  tongue,  with  the  Ugamentum  glosso-epiglotticum 
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continued  &om  its  middle :  on  each  side  of  the  latter  are  F  T,  the  so- 
called  vaUaiubtkE.    The  epiglMU  {E)  appears  Uke  an  arched  a|^>er  %j 


nnder  it,  during  normal  respiration,  the  lancet-shaped  glottis  {R)  and  on 
each  side  of  it  the  true  vocal  cords  (L.  v.)  The  length  of  the  vocal  cord 
in  a  child  is  6-S  millimetres — in 
the  female  10-15  millimetres,  Then 
the;  are  relaxed,  and  15-20  milli- 
metrea  when  tense.  In  man,  the 
lengths  imder  the  same  conditions 
are  16-20  mm.  and  20-25  mm. 
The  breadth  varies  from  2-6  mm, 
(Schnitzler).  On  the  external  side 
of  each  vocal  cord  is  the  entrance  to 
the  aintts  of  Morgagnt  (S.  M.)  repre- 
sented as  a  dark  line.  Farther  up- 
wards and  more  external  are  (Z.  ti.  s.) 
the  apper  or  false  vocal  cords.    [The 

upper  or  fake  vocal  cor*,  are  red,    ^'  j^^"  ^^!^J^i^!Z^. 
the  lower  or  tme,  white,]     On  each 


Pig.  270. 


side  of  P.  are  (S.  S.),  the  apices  of 

the  cartilages  ofSanlorini,ji\axed  npon 

the  ^ices  of  arytenoid  cartilages, 

while  immediately  behind  is  the 

wall  of  the  pharynx,  P.     In  the 

aiytono^iglottidean  fold  are  (JF.  JT,),  the  cariilages  of  fFri^erg,  while 

oatade  these  are  the  depressions  (S.  p.),  constituting  the  ^tnut  pirifomm. 


goape — L,  tongue;  E,  epiglottis; 
V,  voUecnllA;  S,  glottU;  L.  v., 
true  Tocal  cords ;  S.  M,,  einna 
Uorgt^i  X.  t>.  (.,  &]m  vacal 
corda  ;  P,  po«itioii  of  phaiylix ;  S, 
cartilage  of  Ssntorinl ;  IF,  ofWrit- 
bwg ;  S.  p.,  bIuiu  pirifanDM^ 
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During  nomul  resplraUoo,  the  glottis  (Fig.  270)  has  the  fona  of  & 
Uncet-sliaped  slit  between  the  bright,  yellowiah-irhite  vocal  cordB.  If 
a  d^  inspiration  be  taken,  the  glottis  is  cooBiderably  widened  (Fig. 
272),  and  if  the  mirror  be  faTourablf  adjusted  we  may  see  the  rings 
of  the  trachea,  and  even  the  bifuTcati<m  of  the  trachea  (Fig.  272). 


Fig.  271.  Fig.  272. 

Pontion  of  tbe  too!  cords  dd  uttering         Portion  of  tha  corda  during  a  very 
■  liigh  Dote.  deep    intpiration.       Ringi    and 

bifurcation  of  trachea  visible. 

If  a  kigh  note  be  uttered,  the  glottis  is  contracted  (Fig.  271)  bo  a 
very  narrow  slit 

The  length  of  the  glottis  in  man  is  23,  in  woman  17  millimetres, 
and  of  this  15*5  and  11'5  respectively  belong  to  the  part  lying  between 
the  vocal  cords.  When  the  vocal  cords  are  tense,  the  corresponding 
numbers  in  mian  are  27'5  (19'5  between  the  cords),  in  woman  20  (14) 
millimetres  (Mouia). 

V.  ZtemMen  ahowsd  that,  with  the  aid  of  the  laryngoscope,  fina  alectrodea  may 
be  introduced  into  the  larynx  to  atimnlate  its  muicles ;  but  the  internal  lar;nge«I 
mnacles  may  also  be  caused  to  contract  by  stimulating  the  skin  externally 
(RoBsbach). 

BhinOBCOpy.— If  a  anull  mirror,  fixed  to  a  handle  tX  an  angle  of  lOO'-llO', 
be  introdnced  into  the  phaiynx,  as  ahown  in  Fig.  273,  and  if  the  mirror  be 
directed  upward*,  certain  strnctnTei  are  with  diffionlty  rendered  visible  (Fig.  274). 
la  the  middle  ia  the  aeptnm  uarium  {S.  n.),  ajid  on  each  ride  of  it  the  long,  oral 
large  posterior  uarea  {Ck.),  below  thia  the  soft  palate  (P.  m,).  with  the  pendajit 
uvuia  ( CT).  In  the  posterior  Dares  are  the  posterior  extremities  of  the  lower  (C.  i. ), 
middle  (C  m.),  and  npper  turbinated  bones  (C  s.].  At  tlie  upper  part,  a  portion 
of  the  roof  of  the  phainyx  (0.  R.)  is  seen,  with  the  arched  maaseeof  adenoid  tissue 
^ring  between  the  openinga  of  the  Eutiachian  tubei  {T.  T.),  and  called  by  Loachka 
tiie  pharyngeal  tonaU.  External  to  the  opening  of  the  Enitacbian  tube  ia  the  tahvicar 
eminence  (  W),  and  outside  thia  ia  the  groove  of  Boaenmiiller  {R)  (SchnitEler). 

Ezperiments  on  the  Laiynz. — Ferrein  (§  741),  and  above  all,  Job. 
MiiUer,  made  ezperiments  upon  the  excised  larynx.  A  tracheal  tube 
was  tied  into  the  excised  human  larynx,  and  air  was  blown  through  it, 
the  pressure  being  measured  by  means  of  a  mercurial  manometer,  while 
varioos  arrangements  were  adopted  for  putting  the  vocal  cords  on  the 
stretch  and  for  opening  or  closing  the  glottis. 
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Fig.  27a 
Pontaou  of  the  kryagowxipic  mi 


Rg.  274. 
Tlie  view  obtained  by  moTing  the  mirror — 
8.  n..  Septum  Dmrinm;  C.  L,  O.  dl, 
O.  t.,  lower,  middle,  and  npper  tor- 
bliMted  bonss;  T,  Eustachian  tnbe; 
W,  tabular  enuneuce;  B,  groove  of 
RoeemnUller;  P.  m.,  nft  palate ; 
0.  R.,  roof  of  pbuTiiz;  U,  avnla. 


315.  Conditions  influencing  tlie  Sound  emitted 
by  tlie  Larynx. 

The  pitch  of  the  note  emitted  by  the  larynx  depends  npon: — 

1.  The  Tension  of  the  Vocal  Cords,  i^.,ufon  the  d^ree  of  contraction  of 
the  crico-tbyroid  and  posterior  cricoarytenoid  moscleB,  and  ako  of  the 
internal  thyro-arytenoids  (§  313, 11.,  4). 

2.  The  Length  of  Vie  Vocal  Cord. — (a)  Children  and  females  with  short 
Toc&l  cords  produce  high  notes.  (5)  If  the  arytenoid  cartilages  are 
pressed  together  by  the  action  of  the  arytenoid  muscles  (transverse, 
and  oblique),  so  that  the  vocal  cords  alone  can  vibrate,  while  their 
intercartilaginons  portions  lying  between  the  prosessos  vocales  do 
not,  the  tone  thereby  produced  is  higher  (Qarcia).  In  the  production 
of  low  notes,  the  vocal  cords,  as  well  as  mai^ins  of  the  arytenoid 
cartil^es,  vibrate.  At  the  same  time,  the  apace  above  the  entrance  to 
the  glottis  is  enlarged  and  the  larynx  becomes  more  prominent,  (c) 
Every  individual  has  a  certain  medium  pitch  of  his  voice,  which 
corresponds  to  the  smallest  possible  tension  of  the  iatrinsic  muscles  of 
the  larynx. 

Z.On  Ou  Strength  of  the  Blast.~ThB.t  the  strength  of  the  blast  from 
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below  raises  the  pitch  of  the  tones  of  the  human  larynx  is  shown  by 
the  fact  that,  tones  of  the  highest  pitch  can  only  be  uttered  by  powerful 
expiratory  efforts.  With  tones  of  medium  pitch,  the  pressure  of  the  air 
in  the  trachea  is  160  mm.,  with  high  pitch  200  mm.,  and  with  very 
high  notes  945  mm.,  and  in  whispering  30  mm.,  of  water  (Cagniard- 
Latonr,  Griitzner).  These  results  were  obtained  from  a  tracheal 
fltttda** 

AibCMMfry  Fhenomena.— The  following  as  yet  but  partially  explained  pheno- 
mena are  obeerved  in  connection  with  the  production  of  high  notes: — (a)  As. 
the  pileh  of  the  note  rises,  the  larynx  is  elevated,  partly  becanse  the  muscles 
Talsisg  it  are  active,  partly  because  the  increased  iniaratracheal  pressure  so 
lengthtBS  the  trachea,  that  the  larynx  is  thereby  raised;  the  uvula  is  raised  more 
aad  more  (Labus).  (b)  The  upper  vocal  cords  approximate  to  each  other  more  and 
mDre^  without  however  coming  into  contact,  or  participating  in  the  vibrations, 
(e)  The  epiglottis  inclines  more  and  more  backwards  over  the  glottis. 

4.  The  falsetto  voice  with  its  soft  timbre  and  the  absence  of 
resonance  in  the  air-tubes  (Pectoral  fremitus)  is  particularly  interesting. 

Oertel  obaorved  that  during  the  falsetto  voice,  the  vocal  cords  vibrated 
so  as  to  fonn  nodes  across  them,  but  sometimes  there  was  only  one  node^ 
so  that  the  free  maigin  of  the  cord  and  the  basal  margin  vibrated,  being 
sepacated  from  each  other  by  a  nodal  line  (parallel  to  the  margins  of 
the  vocal  cord).  During  a  high  falsetto  note,  there  may  be  three  such 
nodal  lines  parallel  to  each  other.  The  nodal  lines  are  produced 
probably  by  a  partial  contraction  of  the  fibres  of  the  thyro-arytenoid 
muscle  (p.  691),  while  at  the  same  time,  the  vocal  cords  must  be  reduced 
to  as  thin  plates  as  possible,  by  the  action  of  the  crico-thyroid,  posterior 
arytenoid,  thyro-  and  genio-hyoid  muscles  (Oertel).  The  form  of  the 
glottis  is  elliptical,  while  with  the  chest-voice,  the  vocal  cords  are 
limited  by  straight  surfaces  (Jelenffy,  Oertel);  the  air  also  passes  more 
freely  through  the  larynx. 

Oertel  also  found  that  during  the  falsetto  voice,  the  epiglottis  is  erect.  The 
apioes  of  the  ar3'tenoid  cartilages  are  slightly  inclined  backwards,  the  whole 
larynx  is  larger  from  before  backwards,  and  narrower  from  side  to  side,  the 
aryepiglottidean  folds  are  tense  with  sharp  margins,  and  the  entranee  to  th» 
ventricles  of  Morgagni  is  narrowed.  The  vocal  cords  are  narrower,  the  prooesma 
vooalss  touch  each  other.  The  rotation  of  the  arytenoid  cartilages  necessary  for 
this,  is  brought  about  by  the  action  of  the  crico-arytenoid  alone,  while  the  thyro- 
arytenoid is  to  be  regarded  only  as  an  accessory  aid.  The  pitch  of  the  note  is 
iilcreased  solely  by  increased  tension  of  the  vocal  cords.  In  addition,  there*  are 
a  mmiber  of  tmisvene  and  longitudi&al  partial  vibrations.  Durinct  the  ckest-voicet 
a  smaller  pavt  of  the  maigin  vibrates  than  in  the  falsetto  voice,  so  that  in  the 
production  of  the  latter,  we  are  conscious  of  less  muscular  exertion  in  the  lazynx» 
The  uvula  is  raised  to  the  horizontal  position  (Labus). 

Production  of  Voice. — In  order  that  voice  be  produced,  the  following 
coiiditioii0-as0  necessary : — 1.  The  necessary  amount  of  air  is  collected 
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in'  the  chest;  2',  the  laiynz  and  its  parts  are  fixed  in  the  proper 
position ;  3.  air  is  then  forced  by  an  expiratory  effort  either  through 
the  linear  chink  of  the  closed  glottis,  so  that  the  latter  is  forced  open^ 
or  at  first  some  air  is  allowed  to  pass  through  the  glottis,  without 
jfrodudng  a  sound,  but  as  the  blast  of  air  is  strengthened  the  vocal 
cords  are  thrown  into  vibratioa 


316.  Range  of  the  Voice. 

The  range  of  the  human  voice  for  chest  notes  is  given  in  the 
following  schema : — 


256 


Soprano. 


1024 


171 


Alto. 


684 


EPGAH 


c  d  e  f  g  a  h 
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c'd'e'fg'a'h'1?:      t: 

f — 11  _i: 


± 


80 


c"r  e'Tg^a^'h"  c'" 


Bass. 


342 


128 


Tenor. 


512 


The  accompanying  figures  indicate  the  number  of  vibrations  per 
second  in  the  corresponding  tone.  It  is  evident  that  from  (^  to  /'  i» 
common  to  all  voices,  nevertheless,  they  have  a  different  timbre. 

The  lowest  note  or  tone,  which,  however,  is  only  occasionally  sung 
by  bass  singers,  is  the  contra-F,  with  42  vibrations — ^the  highest  note 
of  the  soprano  voice  is  a''',  with  1708  vibrations. 

Timbre. — ^The  voice  of  every  individual  has  a  peculiar  qualUy,  clang, 
or  tmbr&y  which  depends  upon  the  shape  of  all  the  cavities  connected 
with  the  larynx.  In  the  production  of  nasal  Umes,  the  air  in  the  nose  ia 
caused  to  vibrate  strongly,  so  that  the  entrance  to  the  nares  must  neces- 
sarily be  open. 

317.  Speech— The  Vowels. 

The  motor  proeeises  connected  with  the  production  of  speech  occur 
in  the  restmating  cavUies^  the  pharynx,  mouth,  and  nose,  and  are  directed 
tortratds  the  production  of  musical  tones  and  noises* 

Wliii^erlng  and  Auiikle  Speech. — ^When  sounds  or  noises  are  pro- 
duced in  the  resonating  chambers,  the  larynx  being  passive,  the  vox* 
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clandestina,  or  whispering,  is  produced ;  when  the  vocal  cords,  however, 
vibrate  at  the  same  time,  ^  audible  speech  **  is  produced.  [Whispering, 
therefore,  is  speech  without  voice.]  Whispering  may  be  fairly  loud, 
but  it  requires  great  exertion — i.e.,  a  great  expiratory  blast — for  its 
production;  hence,  it  is  very  fatiguing.  It  may  be  performed  both 
with  inspiration  and  expiration,  while  audible  speech  is  but  temporary 
and  indistinct,  if  it  is  produced  during  inspiration.  Whispering  is 
caused  by  the  sound  produced  by  the  air  passing  through  the 
moderately  contracted  rima  glottidis,  and  passing  over  the  obtuse  margin 
of  the  cord.  During  the  production  of  audible  sounds,  however,  the 
sharp  margins  of  the  vocal  cords  are  directed  towards  the  air,  by  the 
position  of  the  processus  vocales. 

During  speech,  the  soft  palaie  is  in  action;  at  each  word  it  is  raised, 
while,  at  the  same  time,  Passavant's  transverse  band  is  formed  in  the 
pharynx  (p.  306).  The  soft  palate  is  raised  highest  when  u  and  i  are 
sounded,  then  with  o  and  e,  and  least  with  a.  When  sounding  m  and 
n  it  does  not  move ;  it  is  high  (like  n)  during  the  utterance  of  the 
explosives.  With  I,  s,  and  especially  with  the  guttural  r,  it  exhibits  a 
trembling  movement  (Gentzen,  Falkson). 

Speech  is  composed  of  vowels  and  consonants. 

Vowels  (analysis  and  artificial  formation,  §  415). — A.  During  whis- 
pering, a  vowel  is  the  musical  tone  produced,  either  during  expira- 
tion or  inspiration,  by  the  inflated  characteristic  form  of  the  mouth 
(Donders),  which  not  only  has  a  definite  pitch,  but  also  a  particular 
and  characteristic  timbre.  The  characteristic  form  of  the  mouth  may 
be  called  *^ vowel-cavity" 

L  The  pitch  of  the  vowels  may  be  estimated  musically.  It  is  remarkable 
that  the  fundamental  tone  of  the  '*  vowel-cavity  "is  nearly  constant  at  dififerent 
ages  and  in  the  sexes.  The  dififerent  capeM^ities  of  the  mouth  can  be  compensated 
by  dififerent  sizes  of  the  oral  aperture.  The  pitch  of  the  vowel-cavity  may  be  esti- 
mated by  placing  a  number  of  vibrating  tuning-forks  of  dififerent  pitch  in  front  of 
the  mouth,  and  testing  them  until  we  find  the  one  which  corresponds  with  the  funda- 
mental tone  of  the  vowel -cavity.  This  is  known  by  the  fact  that  the  tone  of  the 
tuning-fork  is  intensified  by  the  resojiance  of  the  air  in  the  mouth  (v.  Helmholtz). 

According  to  Konig,  the  fundamental  tones   of  the  vowel-cavity 

are  for 

U=b,  0=b',  A=V',  E=b'",  I=b"". 

If  the  vowels  be  whispered  in  this  series,  we  find  at  once  that  their 
pitch  rises.  The  fundamental  tone  in  the  production  of  a  vowel  may 
vary  within  certain  limits.  This  may  be  shown  by  giving  the  mouth 
the  characteristic  position  and  then  percussing  the  cheeks  (Auerbach); 
the  sound  emitted  is  that  of  the  vowel,  whose  pitch  will  vary  according 
to  the  position  of  the  mouth. 
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When  sounding  A,  the  mouth  has  the  form  of  a  funnel  widening  in 
front  (Fig.  275,  A).  The  tongue  lies  in  the  floor  of  the  moxrtii,  and  the 
lips  are  wide  open.  The  soft  palate  is  moderately  raised  (Czermak). 
It  is  more  elevated  successively  with  0,  E,  U,  I.  The  hyoid  bone 
appears  as  if  at  rest,  but  the  larynx  is  slightly  raised.  It  is  higher  than 
with  U,  but  lower  than  with  I. 

If  we  sound  A  to  I,  the  larynx  and  the  hyoid  bone  retain  their  relative  position, 
but  both  are  raised.  In  passing  from  A  to  U,  the  larynx  is  depressed  as  far  as 
possible.  The  hyoid  bone  passes  slightly  forward  (Briicke).  When  sounding  A, 
the  space  between  the  larynx,  posterior  wall  of  the  phar3mx,  soft  palate,  and  the 
root  of  the  tongue,  is  only  moderately  wide ;  it  becomes  wider  with  £,  and  especially 
with  I  (Purkinje),  but  it  is  smallest  with  U. 

When  sounding  U  (Fig.  275),  the  form  of  the  cavity  of  the  mouth  is 
like  that  of  a  capacious  flask  with  a  short,  narrow  neck.  The  whole 
resonance  apparatus  is  then  longest.  The  lips  are  protruded  as  far  as 
possible — ^they  are  arrayed  in  folds  and  closed,  leaving  only  a  small 
opening.  The  larynx  is  depressed  as  far  as  possible,  while  the  root  of 
the  tongue  is  approximated  to  the  posterior  margin  of  the  palatine 
arch. 

When  sounding  0,  the  mouth,  as  in  U,  is  like  a  wide-bellied  flask 
with  a  short  neck,  but  the  latter  is  shorter  and  wider  as  the  lips  are 
nearer  to  the  teeth.  The  larynx  is  slightly  higher  than  with  U,  while 
the  resonance  chambers  also  are  shorter. 


Fig.  275. 

Section  of  the  parts  concerned  in  phonation  —  Z,  tongue;  p,  soft  palate;  e, 
epiglottis;  g^  glottis;  h,  hyoid  bone;  1,  thyroid;  2,  3,  cricoid;  4,  arytenoid 
cartilage* 

When  sounding  I  (Fig.  275),  the  cavity  of  the  mouth,  at  the  posterior 
part,  is  in  the  form  of  a  small-bellied  flask  with  a  long  narrow  neck, 
of  which  the  belly  has  the  fundamental  tone,  f ,  the  neck  that  of  d"'"'  (y. 
Helmholtz).     The  resonating  chambers  are  shortest,  as  the  larynx  is 
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r&ised  as  much  as  possible,  while  the  mouth,  owing  to  the  retraction  of 
the  lipe,  is  boanded  in  front  by  the  teeth.  The  cavity  between  the 
hard  palate  and  the  back  of  the  tongue  is  exceedingly  narrow,  there 
being  only  a  median  narrow  slit.  Hence,  the  air  can  only  enter  with  a 
clear  piping  noise,  which  sets  even  the  vertex  of  the  skull  in  vibration, 
and,  when  the  ears  are  stopped,  the  sound  seems  very  shrilL  When 
the  larynx  is  depressed  and  the  lips  protruded,  as  for  sounding  U,  I 
cannot  be  sounded* 

When  sounding  E,  which  stands  next  to  I,  the  cavity  has  also  the 
form  of  a  flask  with  a  small  belly  (fundamental  tone,  f ^  and  with  a 
long,  narrow  neck  (fundamental  tone,  V)  (v.  Helmholtz).  The  neck 
is  wider,  so  that  it  does  not  give  rising  to  a  piping  noise.  The  larynx 
is  slightly  lower  than  for  I,  but  not  so  high  as  for  A. 

FnndameDtally  there  are  only  t/iree  primary  vowels  (Brttcke) — ^I,  A,  U,  the 
others  and  the  so-called  diphthongs  standing  between  them  (BrQcke). 

Diphthongs  occur  when,  during  vocdlisaiwny  we  pass  from  the  position 
of  one  vowel  into  that  of  another.  Distinct  diphthongs  are  sounded 
only  on  passing  from  one  vowel  with  the  mouth  wide  open  to  one  with 
the  mouth  narrow;  during  the  converse  process,  the  vowels  appear  to 
our  ear  to  be  separate  (Briicke). 

IL  Timbre  or  Clang-Tint — ^Besides  its  pitch,  every  vowel  has  a 
special  timbre,  quality,  or  clang-tint. 

The  vocal  timbre  of  U  (whispering)  has,  in  addition  to  its  fundamental  tone,  b, 
a  deep,  piping  timbre.  Tlie  timbre  depends  upon  the  number  and  pitch  of  the 
partiaU  or  overtones  of  the  vowel  sound  (§  415). 

Nasal  Timbre. — The  timbre  is  modified  in  a  special  manner,  when  the 
vowels  are  spoken  with  a  ''  nasal "  twang,  which  19  largely  the  case  in 
the  French  language.  The  nasal  timbre  is  produced  by  the  soft  palate 
not  cutting  oflf  the  nasal  cavity  completely,  which  happens  every  time 
when  a  pure  vowel  is  sounded,  so  that  the  air  in  the  nasal  cavity  is 
thrown  into  sympathetic  vibration.  When  a  vowel  is  spoken  with  a 
nasal  timbre,  air  passes  out  of  the  nose  and  mouth  simultaneously,  while 
with  a  pure  vowel  sound,  it  passes  out  only  through  the  mouth. 

When  sounding  a  pure  vow^  (non-nasal),  the  shutting  off  of  the  nasal  cavity  is 
so  complete,  that  it  requixes  an  artificial  pressure  of  dO-iOO  mm.  d  mercury  to 
overcome  it  (Hartmann). 

The  vowels,  a,  a  (re),  o  (oe),  o,  e^  ate  toed  with  a  nasal  timbre — ^a 
nasal  i  does  not  occur  in  any  language.  Certainly  it  is  very  difiicult  to 
sound  it  thus,  because,  when  sounding  i,  the  mouth  is  so  narrow  that 
when  the  passage  to  the  nose  is  open,  the  air  passes  almost  completely 
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through  the  latter^  whikt  the  small  amoimt  passing  through  the  mouth 
scarcely  suffices  to  produce  a  sound. 

In  sounding  yowels,  we  must  obserye  if  they  are  sounded  through  a 
previously  closed  glottis,  as  is  done  in  the  Qerman  language  in  all 
words  beginning  with  a  vowel  (spiritus  lenis).  The  glottis,  however, 
may  be  previously  opened  with  a  preliminary  breathy  followed  by  the 
vowel  sound;  we  obtain  the  aspirate  vowel  (spiritus  asper  of  the 
Greeks). 

B.  If  the  vowels  are  sounded  in  an  audible  tone,  i,e,,  along  with  the 
sound  from  the  larynx,  the  fundamental  tone  of  the  vocal  cavity 
strengthens  in  a  characteristic  manner  the  corresponding  partial  tones 
present  in  the  laryngeal  sound  (Wheatstone,  v.  Helmholtz). 

318.  The  Consonants. 

The  consonants  are  noises  which  are  produced  at  certain  parts  of 
the  resonance  chambers.  [As  their  iviune  denotes,  they  can  only  be 
sounded  in  coiyunction  with  a  vowel.] 

Classification, — The  most  obvious  classifiqation  is  according  to — 
(L)  Their  acomtic  properties,  so  that  they  are  divided  into — (1)  Liquid 
consonants,  ie,,  such  as  are  appreciable  without  a  vowel  (m,  n,  1,  r,  s) — 
(2)  MuteSy  including  all  the  others^  which  cannot  be  distinctly  heard 
without  an  accompanying  voweL  (11.)  According  to  their  mechcmism 
offormaiion,  as  well  as  the  type  of  the  organ  of  speech,  by  which  they 
are  produced.     They  are  divided  into — 

1.  Explosives. — Their  enunciation  is  accompanied  by  a  kind  of 
bursting  open  of  an  obstacle,  or  an  explosion,  occasioned  by  the  confined 
and  compressed  air  which  causes  a  stronger  or  weaker  noise ;  or,  con- 
versely, the  current  of  air  is  suddenly  iiUerrupted,  while,  at  the  same 
time,  the  nasal  cavities  are  cut  off  by  the  soft  palate. 

2.  Aspirates,  in  which  one  part  of  the  canal  is  constricted  or 
stopped,  so  that  the  air  rushes  out  through  the  constriction,  causing  a 
faint  whistling  noise.  (The  nasal  cavity  is  cut  off.)  In  uttering  L, 
which  is  closely  related  to  the  aspirates,  but  differs  from  them  in  that 
the  narrow  passage  for  the  rush  of  air  is  not  in  the  middle,  but  at 
both  sides  of  the  middle  of  the  closed  part.  (The  nasal  cavity  is 
shut  off.) 

3.  Vibratives,  which  are  produced  by  air  being  forced  through  a 
narrow  portion  of  the  canal,  so  that  the  margins  of  the  narrow  tube  are 
set  in  vibration.     (The  nasal  cavity  is  shut  off.) 

4.  Besonants  (also  called  nasals  or  semi-vowels). — ^The  nasal  cavity 
is  completely  free,  while  the  vocal  canal  is  completely  closed  in  the 
front  part  of  the  oral  channel.      According  to  the  position  of  the 
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obstruction  in  the  oral  cavity,  the  air  in  a  larger  or  smaller  portion 
of  the  mouth  is  thrown  into  sympathetic  vibration. 

We  may  also  classify  them  according  to  the  posUion  in  which  they  art 
prodwed — the  "  articulation  positions "  of  Briicke.     These  are: — 

A.  Between  both  lips ; 

B.  Between  the  tongue  and  the  hard  palate ; 
G.  Between  the  tongue  and  the  soft  palate ; 
D.  Between  the  two  true  vocal  cords. 

A,  Consonants  of  the  First  Articulation  Position. 

1.  Explosive  Labials. — ^b,  the  voice  is  sounded  before  the  slight 
explosion  occurs;  p,  the  voice  is  sounded  after  the  much  stronger 
explosion  has  taken  place  (Kempelen).  [The  former  is  spoken  of  as 
** voiced  "  and  the  latter  as  "breathed."] 

2.  Aspirate  Labials. — f>  between  the  upper  incisor  teeth  and  the. 
lower  lip  (labiodental).  It  is  absent  in  all  true  Slavic  words  (Purkifie); 
V,  between  both  lips  (labial) ;  w  is  formed  when  the  mouth  is  in  the 
position  for  f,  but  instead  of  merely  forcing  in  the  air,  the  voice  is 
sounded  at  the  same  time.  Really  there  are  two  different  w — one 
corresponding  to  the  labial  f,  as  in  wurde,  and  the  labiodental,  e.g,, 
quelle  (Briicke). 

3.  Vibrative  Labials. — The  burring  sound,  emitted  by  grooms,  but 
which  is  not  used  in  civilised  language. 

4.  Resonant  Labials. — m  is  formed  essentially  by  sounding  the  voice 
whereby  the  air,  in  the  mouth  and  nose,  is  thrown  into  sympathetic 
vibration  ["  voiced."] 

B.  Consonants  of  the  Second  Articvlation  Position, 

1.  The  explosives,  when  enunciated  sharply  and  without  the  voice, 
are  T  hard  (also  dt  and  th) ;  when  they  are  feeble  and  produced  along 
with  simultaneous  laryngeal  sounds  (voice),  we  have  D  soft. 

2.  The  aspirates  embrace  S,  including  s  sharp,  written  8  s  or  s  z, 
which  is  produced  without  any  audible  lar3mgeal  vibration;  or  soft, 
which  requires  the  voice.  Then,  also,  there  are  modifications  according 
to  the  position  where  the  noises  are  produced.  The  sharp  aspirates 
include  Sch,  and  the  hard  English  Th ;  to  the  soft  belong  the  French 
J  soft,  and  the  English  Th  soft.  L,  which  occurs  in  many  modifications, 
belongs  here — e,g,,  the  L  soft  of  the  Frendi.  L  may  be  sounded  soft 
with  the  voice,  or  sharp  without  it. 

3.  The  vibratives,  or  B,  which  is  generally  voiced,  but  it  can  be 
formed  without  the  larynx. 

The  resonants  are  K-sounds,  which  also  occurs  in  several  modi- 
fications. 
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C.  Consonants  of  the  Third  Arttctdoium  PosUwn. 

1.  The  ezplosivea  are  the  K-soonds,  vhich  are  hard  and  breathed 
and  not  voiced ;  Q-sounds,  which  are  voiced. 

3.  The  aspirates,  when  hard  and  hreathed  but  not  voiced,  the  Cb, 
and  when  sounded  softly  and  not  voiced,  J  is  formed. 

3.  The  vibntive  is  the  palatal  B,  vhich  is  produced  by  vibration  irf 
the  nvnla  (Briicke). 

4.  The  resonant  is  the  palatal  K. 

D.  Consonants  of  the  Fourth  Arliaiiaium  PosUion. 

1.  An  explosive  sound  does  not  occur  when  the  glottis  is  forced  open, 
if  A  vowel  is  loudly  sounded  with  the  glottis  previously  closed.  If  this 
occurs  during  whispering,  a  feeble  short  noise,  due  to  the  sudden 
opening  of  the  glottis,  may  be  heard. 

2.  The  aBptrates  of  the  glottis  are  the  H-sounds,  which  are  produced 
when  the  glottis  is  moderately  wide. 

3.  A  ^ottis-vibratiTfl  occurs  in  the  so-called  Utyngeal  B  of  Lower 
Sazon  (Brucke). 

4.  A  laryngeal  resonant  cannot  exist. 

The  combination  of  different  consonants  is  accomplished  by  the 
successive  movements  necessary  for  each  being  rapidly  executed.  Com- 
pound consonants,  however,  or  such  as  are  formed  when  the  oral  parte 
are  adjusted  simvdtaneously  for  two  different  consonants,  so  that  a 
mixed  sound  is  formed  from  the  two.  Exiuuples :  Scb— tsch,  tz, 
is— Ps  (i/-)— Kb  (X  S). 

319.  Pathological  Variations  of  Voice  and  Speech. 

Aphonia. — PanJysia  of  the  motor  oerves  (vagiu)  of  the  larynx  bj  injury,  or 
the  presmre  of  tmnoais,  causes  aphonia  or  lou  of  voice  (Galen).  In  Mi«uriEin  of 
the  aortic  arch,  the  left  recurrent  nerve  may  be  paralysed  from  preaiure.  The 
Iwryngeal  nervea  may  be  temporaril]'  panJysed  by  rheomatiam,  over  exertion,  and 
hysteria,  or  by  servni  effutJons  into  the  laryngeal  mnacles.  If  the  tensors  are 
paralysed,  monoto&la  ia  the  chief  reeolt:  the  disturbances  of  respiration  in 
paralysis  of  the  laryuji  ore  important.  As  long  aa  the  respinition  is  tranqnil,  there 
may  be  no  diatnrbuiee,  but  as  soon  as  increased  respiration  occurs,  great  dyspnica 
seta  in,  owing  to  the  inability  of  the  glottis  to  dilate. 

If  only  ant  vocal  cord  is  paralysed,  the  voice 
becomes  impure  and  foIeetto-Uke,  while  we 
may  feel  from  without  that  there  is  lesa  vibra- 
tdoD  on  the  paralysed  side  (Gerhardt).  Some- 
Umes  the  vocal  cords  are  only  so  far  paralysed 
that  they  do  not  move  daring  phonation,  but 
do  so  dnring  forced  respiration  and  dnring 
conghing  (pAo»eI>«  paralyAi\. 

Sipthongia.  —  Incomplete  unilateral 
paralysis  of  the  recurrent  nerve  is  sometimeB 
ollowed  by  a  douUe  tone,  owing  to  the  nn-  Fig.  276. 

equal  tension  of  the  two  vocal  cords.    Accord-     Xnmonrs  on  the  vocal  cords  can>- 
ing  to  TUidc  and  Schnitsler,  however,  the       ing  doable  tone  from  the  larynx. 
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doable  tone  occurs  when  the  two  vocal  cords  touch  at  some  part  of  their  course 
(e.g,,  from  the  presence  of  a  tumour,  Fig.  276),  so  that  the  glottis  is  divided 
into  two  unequal  portions,  each  of  which  produces  its  own  aoond. 

HoarBeness  is  caused  by  mucus  upon  the  vocal  oords,  by  ronghsMS,  swelling, 
or  looseness  of  the  cords.  If,  while  speaking,  the  cords  are  i^prozimated,  and 
suddenly  touch  each  other,  the  ''speech  is  broken,"  owing  to  the  formation  of 
nodal  points  (§  352).  Disease  of  the  pharynx,  naso-pharyngeal  cavity,  and  uvula 
may  produce  a  change  in  the  voice  refleady, 

Faxaljsis  of  the  soft  palate  (as  well  as  congenital  perforation  or  deft  palate), 
causes  a  nasal  timbre  of  all  vowels ;  the  former  renders  difficult  the  normal  forma- 
tion of  consonants  of  the  third  articulation  position ;  resonance  is  imperfect,  while 
the  explosives  are  weak,  owing  to  the  escape  of  the  air  through  the  nose. 

Faralyfiis  of  the  tongue  weakens  I;  E  and  A  (iE)  are  less  easily  pronounced, 
while  the  formation  of  consonants  of  the  second  and  third  articulation  position  is 
affected.  The  term  aphthongia  is  applied  to  a  condition,  in  which  every  attempt 
to  speak  is  followed  by  spasmodic  movements  of  the  tongue  (Fleury). 

In  paralysiB  of  the  lips  (Jdeial  nerve),  and  in  hare  lip,  regard  must  be  had 
to  the  formation  of  consommts  of  the  first  articulation  position.  When  the  nose 
is  closed,  the  speech  has  a  characteristic  sound.  The  normal  formation  of  resonants 
is  of  course  at  an  end.  After  excision  of  the  larynx,  a  metal  reed,  enclosed  in  a 
tube,  and  acting  like  an  artificial  larynx,  is  introduced  between  the  trachea  and  the 
cavity  of  the  mouth  (Czemy). 

Stammering  is  a  disturbance  of  the  formation  of  sounds.  [Stammering  is  due 
to  long-continued  spasmodic  contraction  of  the  diaphragm,  just  as  hiccough  is 
(p.  249),  and,  therefore,  it  is  essentially  a  spasmodic  inspiration.  As  speech 
depends  upon  the  expiratory  blast,  the  spasm  prevents  expiration.  It  may  be 
brought  about  by  mental  excitement  or  emotional  conditions.  Hence,  the  treat- 
ment of  stammering  is  to  regulate  the  respirations.  In  stutteringi  which  is 
defective  speech  due  to  inability  to  form  the  proper  sounds,  the  breathing  is 
normal.] 

320.  Comparative—Historical. 

Speech  may  be  classified  with  the  expression  of  the  emotifms  (Darwin). 
Psychical  excitement  causes  in  man  characteristic  movements,  in  which  certain 
groups  of  muscles  are  always  concerned  (e.g.,  laughing,  weeping,  the  fiusial  expres- 
sion in  anger,  pain,  shame,  &c.).  Primarily,  the  movements  of  expression  are 
reflex  motor  phenomena;  when  they  are  produced  for  purposes  of  explanation,  they 
are  voluntary  imitations  of  this  reflex.  Besides  the  emotional  movements,  impres- 
flions  upon  tiie  sense-organs  produce  characteristic  reflex  movements,  which  may 
be  used  for  purposes  of  expression  (Geiger) — e,g,y  stroking  or  painful  stimulation  of 
the  skin,  movements  after  smelling  pleasant  or  unpleasant  or  disagreeable  odours, 
the  action  of  sound  and  light,  and  the  perception  of  all  kinds  of  objects. 

The  expression  of  the  emotions  occurs  in  its  simplest  form  in  what  is  known  as 
conversation  or  expression  by  means  of  signs  or  pantomime.  Another  means  is  the 
imitation  of  sounds  by  the  organ  of  speech,  constituting  onamcUopoesyf  e.g, ,  the 
hissing  of  a  stream,  the  roll  of  thunder,  the  tumult  of  a  storm,  whistling,  &c.  The 
expression  of  speech  is,  of  course,  dependent  upon  the  prooess  of  ideation  and 
perception. 

The  occurrence  qf  d^erent  sounds  in  different  languages  is  very  interesting. 
Some  languages  {e,g,y  of  the  Hurons)  have  no  labials ;  in  some  South  Sea  Islands, 
no  laryngeal  sounds  are  spoken ;  /is  absent  in  Sanscrit  and  Finnish ;  the  short «, 
o,  and  the  soft  sibilants  in  Sanscrit;  (2,  in  Chinese  and  Mexican,  «,  in  many 
Polynesian  languages;  r,  in  Chinese,  &c 
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YoiC6  in  Animals. — ^Animahi^  more  especially  the  higher  formB,  can  express 
their  emotiooa  by  facial  and  other  gestures.  The  vocal  organs  of  im^mmftU  are 
essentially  the  same  as  those  of  man.  Special  ruonanee  organs  oocur  in  the  orang- 
outang, mandril,  macacus,  and  mycetee  monkeys  in  the  form  of  large  cheek 
poaches,  which  can  be  inflated  with  air,  and  open  between  the  larynx  and  the 
byoid  bone. 

Birds  have  an  upper  (larynx)  and  a  lower  larynx  (syrinx),  the  latter  being 
placed  at  the  bifdrcation  of  the  trachea,  and  is  the  tme  vocal  organ.  Two  folds 
of  mucous  membrane  (three  in  singing  birds)  project  into  each  bronchus,  and  are 
rendered  tense  by  muscles,  and  are  thus  adapted  to  serve  for  the  production  of 
"voice. 

Amongst  reptiles,  the  tortoises  produce  merely  a  sniffing  sound,  which  in  the 
Emys,  has  a  peculiar  piping  character.  The  blind  snakes  are  voiceless,  the  chameleon 
And  the  lizards  have  a  very  feeble  voice ;  the  cayman  aud  crocodile  emit  a  feeble 
roaring  sound,  which  is  lost  in  some  adults  owing  to  changes  in  the  larynx.  The 
muihu  have  no  special  vocal  organs^  but  by  forcing  out  air  from  their  capacious 
lung,  they  make  a  peculiar  hissing  sound  which  in  some  species  is  loud.  Amongst 
amphibians,  the  frog  has  a  larynx  provided  with  muscles.  The  sound  emitted 
without  any  muscular  action  is  a  deep  intermittent  tone,  while  more  forcible  expir- 
ation, with  contraction  of  the  laryngeal  constrictors,  causes  a  clearer  continuous 
soimd.  The  male,  in  Rana  eeculenta,  has  at  each  side  of  the  angle  of  the  mouth  a 
sound-bag,  which  can  be  inflated  with  air  and  acte  as  a  resonance  chamber.  The 
"  croaking  **  of  the  male  frog  is  quite  characteristic.  In  Pipa,  the  larynx  is  provided 
with  two  cartilaginous  rods,  which  are  thrown  into  vibration  by  the  blast  of  air, 
and  act  like  vibrating  rods  or  the  limbs  of  a  tuning-fork.  Some  fishes  emit 
eonnds,  either  by  rubbing  together  the  upper  and  lower  pharyngeal  bones,  or  by 
the  expulsion  of  air  from  the  swimming  bladder,  mouth,  or  anus. 

Some  inaeots  cause  sounds  partly  by  forcing  the  expired  air  through  their 
atigmata  provided  with  muscular  reeds,  which  are  thus  thrown  into  vibra- 
tion (bees  and  many  diptera).  The  wings,  owing  to  the  rapid  contraction  of 
their  muscles,  may  also  cause  sounds  (flies,  cockroach,  bees).  The  Sphinx  atropos 
(death-head  moth)  forces  air  from  ite  sucking  stomach.  In  others,  sounds  are 
produced  by  rubbing  their  legs  on  the  wing-cases  (Acridium),  or  the  wing-cases  on 
«ach  other  (Qryllus,  locust),  or  on  the  thorax  (Cerambyx),  on  the  leg  (Qeotrupes), 
on  the  abdomen  or  the  margin  of  the  wing  (Nekrophorus).  In  Gicadaoin,  mem- 
branes are  pulled  upon  by  musdes,  and  are  thus  caused  to  vibrate.  Friction 
sounds  are  produced  between  the  cephalothorax  and  the  abdomen  in  some 
spiders  (Theridinm),  and  in  some  crabs  (Palinurus).  Some  moUusca  (Pecten)  emit 
a  sound  on  sepflkrating  their  shells. 

Historieal. — ^The  Hippocratic  School  was  aware  of  the  fact  that  division  of  the 
trachea  abolished  the  voice,  and  that  the  epiglottis  prevented  the  entrance  of  food 
into  the  larynx.  Aristotle  made  numerous  observations  on  the  voice  of  animals. 
The  true  cause  of  the  voice  escaped  him  as  well  as  Galen.  Galen  observed  complete 
loss  of  voice  after  double  pneumothorax,  after  section  of  the  intercostal  muscles 
or  their  nerves^  as  well  as  after  destruction  of  part  of  the  spinal  cord,  even 
although  the  diaphragm  still  contracted.  He  gave  the  cartilages  of  the  larynx 
the  names  that  still  distinguish  them;  he  knew  some  of  the  laryngeal  musdes, 
and  asserted  that  voice  was  produced  only  when  the  glottis  was  narrowed.  He 
compared  the  larynx  to  a  flute.  The  weakening  of  the  voice,  in^feeble  conditions, 
especially  after  loss  of  blood,  was  known  to  the  ancients.  Dodart  (1700)  was  the 
first  to  explain  voice  as  due  to  the  vibration  of  the  vocal  cords  by  the  air  passing 
between  them. 

The  production  of  vocal  sounds  attracted  much  attention  amongst  the  ancient 
Asiatics  and  Arabians^lees  amongst  the  Greeks.    Pietro  Ponce  (f  1584)  was  the 

13 


?08 


mSIOBIGAU 


t 


'  -I, 


fiiit  to  advocate  iiutraction.ixi  the  art  of  apeahing  in  caaes  of  dnmbness.  Baoon 
(1638)  studied  the  ahajie  of  the  moixih  for  the  prannndatioii  of  the  Taiioiia  aounda* 
JCxataeDsteiii  (1781)  made  an  artificial  apparatna  for  the  prodnction  of  vowel 
oomids,  by  placing  Teaonatora  of  varioua  f  oima  over  vibrating  reeda.  Von  Kempelen 
(1769-1791)  oonatmcfted  the  firat  apeaking-machine.  Rob.  WUlia  (1828)  found 
that  an  elaatio,  vibrating  apring  givea  the  vowela  in  the  seriea— U,  O,  A,  £,  I — 
according  to  the  depth  or  height  of  its  tone;  further,  that  by  lengthening  or 
ahortening  an  artificial  reaonator  on  an  artificial  vocal  apparatua,  the  vowels  may 
be  obtained  in  the  aame  aeriea.  The  neweat  and  moat  important  investigations  on 
speech  are  by  Wheatstone,  v.  Hehnholtz,  Bonders,  Briicke,  &a,  and  are  men- 
tioned in  the  context  Henaen  succeeded  in  showing  exactly  the  pitch  of  vocal 
toney  thu8:^The  tone  is  sung  against  a  Ki)nig*s  capsule  with  a  gaa  flame. 
Opposite  the  flame  ia  placed  a  tuning-fork  vibrating  horizontally,  and  in  firont  of 
ene  of  ita  limbais  a  mirror,  in  which  the  image  of  the  flame  is  reflected.  When 
the  vocal  tone  ia  of  the  aame  number  of  vibrations  ^aa  the  tuning-fork,  the  flame  in 
the  minor  ahowa  one  elevation,  if  double— i.e.,  the  octave,  2,  and  with  the  doable 
4Mtaive,  4  elevaticna. 
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General  Physiology  of  the  Ferves  and 

Electro-Physiology. 


321.  Structure  and  Arrangement  of  the 

Nerve  Elements. 

The  nervous  elements  present  two  distinct  fonns : — 

■,    »7-       T7^       (■  Non-meduUated. 

1.  Nem-F^es,  |  Medullated. 

«    ,^       ^  «      f  Various  forms  and 

2.  Nerve-Cells,   -<-... 

'    (     functions. 

An  aggregation  of  nerve-cells  constitutes  a  nerve-ganglion.  The 
JS)res  represent  a  conducting  apparatus,  and  serve  to  place  the  central 
nervous  organs  in  connection  with  peripheral  end-organs.  The  nerve-ceilSy 
however,  besides  transmitting  impulses,  act  as  physiological  centres  for 
automatic  or  reflex  movements  for  the  sensory,  perceptive,  trophic,  and 
secretory  functions. 

I.  Nerve-Fibres  occur  in  several  forms  : — 

1.  Piimitive  Fibrils. — The  simplest  form  of  nerve-fibril,  which  is 
visible  with  a  magnifying  power  of  500-800  diameters  linear,  consists 
of  primitive  nerve-fibrils  (Max  Schultze)  or  cudal  fibrils  (Waldeyer).  They 
are  very  delicate  fibres  (Pig.  277,  1),  often  with  small  varicose  swell- 
ings here  and  there  in  their  course,  which,  however,  are  due  to  changes 
post  mortem.  They  are  stained  of  a  brown  or  purplish  colour  by  the 
gold  chloride  method,  and  they  occur  when  a  nerve-fibre  is  near  its 
termination,  being  formed  by  the  splitting  up  of  the  axis  cylinder  of 
the  nerve-fibre,  e.g.,  in  the  terminations  of  the  corneal  nerves,  the  optic 
nerve-layer  in  the  retina,  the  terminations  of  the  olfactory  fibres,  and 
in  a  plexLform  arrangement  in  non-striped  muscle  (p.  623).  Similar 
fine  fibrils  occur  in  the  grey  matter  of  the  brain  and  spinal  cord,  and 
the  finely-divided  processes  of  nerve-cella 

2.  Naked  or  simple  axial  cyBnders  (fig.  277,  2),  which  represent 
bundles  of  primitive  fibrils  held  together  by  a  slightly  granular  cement, 
so  that  they  exhibit  very  delicate  longitudinal  striation  with  fine 
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gnnnlea   Bcattered  in  their  coatee.    The  best  example  is  the  azuJ 
cylinder  process  of  nerre-cells  (Fig,  277, 1,  z).     [The  thickness  of  the 


Fig.  277. 
1,  PrindtiTe  fibrilliB ;  2,  uia  ojrliuder;  3,  SMUAk's  Shna;  4,  mednlUted 
fibre;  S,  6,  Diedullated  fibre,  irith  Schwann's  aheath;   c,  nenrili 


i;  (,  I 


Buivier  ■  nodes  ;  b,  white  nib«t*iice  of  Sohwwm ;  d,  oells  of  the  endonenriom ; 
a,  axil  cylinder;  x,  myelin  drops;  7,  traniTerae  leotion  of  nerve-fibres  ;  8, 
nerre-fibre  acted  on  withajlvernitnte;  I,  mnltipolar  nerre-oell  from  the  spinal 
oord  ;  X,  axial  cylinder  prooeos ;  y,  protoplasmio  proceues ;  to  the  right  of  it  a 
bipolar  cell ;  II,  peripheral  ganglionic  cM,  with  a  connectiTe-tianie  captole ; 
m,  guiglionic  cell,  with  a  apiral  process;  ffi,  aheath;  o,  Bpiial,  and  n,  itnight 
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axis  cylinder  depends  upon  the  number  of  fibrils  entering  into  its  com- 
position.] 

3.  Axis  (flinders  surrounded  with  Schwann's  sheath,  or  BemaVs 
fibres  (3'8-6*8  jx  broad)>  the  latter  name  being  given  to  them  from 
their  discoverer  (Fig.  277,  3).  [These  fibres  are  also  called  paU  or 
fwnrmedvllakd,  and  firom  their  abundance  in  the  sympathetic  nervous 
system,  sympathetic]  They  consist  of  a  sheath,  corresponding  to 
Schwann's  sheath  [neurilemma,  or  primitive  sheath,  which  encloses  an 
axial  cylinder,  while  lying  here  and  there  under  the  sheath,  and  be* 
tween  it  and  the  axial  cylinder  are  nerve-corpuscles.  These  fibres  are 
always  fibrillated  longitudinally.]  The  sheath  is  delicate,  structureless, 
and  elastic.  Dilute  acids  clear  up  the  fibres  without  causing  them  to 
swell  up,  while  gold  chloride  makes  them  brownish-red.  They  are 
widely  distributed  in  the  sympathetic  nerves  \t.g.y  splenic]  and  in  the 
branches  of  the  olfactory  nerves.  All  nerves  in  the  embryoy  as  well  as 
the  nerves  of  many  invertebrata,  are  of  this  kind.  [According  to 
Banvier,  these  fibres  do  not  possess  a  sheath,  but  the  nuclei  are 
merely  applied  to  the  surface,  or  slightly  embedded  in  the  superficial 
parts  of  the  fibre.  These  fibres  also  bruTich  and  form  an  anastomosing 
net-work.  This  the  medullated  fibres  never  do.  These  fibres,  when 
acted  on  by  silver  nitrate,  never  show  any  crosses.  The  branched  form 
occurs  in  the  ordinary  nerves  of  distribution,  and  they  are  numerous  in 
the  vagus,  but  the  olfactory  nerves  have  a  distinct  sheath,  which  is 
nucleated.] 

4.  Axis  cylinders,  or  nerve-fibrils,  covered  only  by  a  mednUary 
sheath,  or  white  substance  of  Schwann,  are  met  with  in  the  white  and 
grey  matter  of  the  central  nervous  system,  in  the  optic  and  auditory 
nerves.  These  medvUated  mrve-fibres,  without  any  newHemTna,  often 
show  after  death  varicose  swellings  in  their  course,  [due  to  the  accumu- 
lation of  fluid  between  the  medulla  or  myelin  and  the  axis  cylinder]. 
Hence  they  are  called  varicose  fibres.  [The  varicose  appearance  is  easily 
produced  by  squeezing  a  small  piece  of  the  white  matter  of  the  spinal 
cord  between  a  slide  and  a  cover-glass.  Nitrate  of  silver  does  not  reveal 
any  crosses,  and  there  are  no  nodes  of  Banvier,  while  osmic  acid  reveals 
no  incisures.  When  acted  upon  by  coagulating  reagents,  e,g,,  chromic 
acid,  the  medullary  sheath  appears  laminated,  so  that  on  transverse 
section,  when  the  axis  cylinder  is  stained,  it  is  surrounded  by  concentric 
circles.] 

5.  Medullated  Nerve-Fibres,  with  Schwann's  Sheath  (Fig.  277| 
5,  6). — ^These  are  the  most  complex  nerve-fibres,  and  are  10-22-6  fi 
[xT^x^to  -^^  inch]  broad.  They  are  most  numerous  in,  and  in  fact 
they  make  up  the  great  mass  of,  the  cerebro-spinal  nerves,  although  they 
are  also  present  in  the  sympathetic  nerves.   [When  examined  in  the  fresh 
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atad  liTing  conation  in  sUu,  thsj  appear  refractiye  aad  homogeneouB 
(Banvier^  Stirling);  bat,  if  acted  upon  by  reagents,  they  are  not  only 
j^Iractive,  but  exhibit  a  datMe  contour,  the  margins  being  dark  and 
ivril  defined.]    Each  fibre  consists  of — 

{1«  Sohwrnst's  sheath,  neorilenmia^  or  primitiTe  sheath; 
2.  White  substanoe  of  Schwann,  meddllary  sheath,  or  myelin; 
a.  Axis  cylinder  composed  of  fibrils; 
L  NervB-corpnscles.] 

A«  The  axis  cylinder,  which  occupies  ^  to  ^  of  the  breadth  of  the 
fibre  is  the  essential  part  of  the  nerve,  and  lies  in  the  centre  of  the  fibre 
(Fig.  277,  6,  a)  like  the  wick  in  the  centre  of  a  candle.  Its  usual 
diape  is  cylindrical,  but  sometrmes  it  is  flattened  or  placed  eccentrically, 
[most  probably  due  to  the  hardening  process  employed].  It  is  com- 
posed of  fibrils  [united  by  cement ;  they  become  more  obvious  near  the 
terminations  of  the  nerve,  or  after  the  action  of  reagents,  which  some- 
times cause  the  fibrils  to  appear  beaded.  It  is  quite  transparent,  and 
stedns  deeply  with  carmine  or  logwood],  while  during  life,  its  consistence 
is  semi-fluid.  According  to  Kupffer,  a  fluid — ^nerve-serum — ^lies 
between  the  fibrils,  [while,  according  to  other  observers,  the  whole 
cylinder  is  enclosed  in  an  elastic  sheath  peculiar  to  itself  and  composed 
of  neuro-keratin]. 

Fromann's  Lines. — Chloroform  and  collodion  render  it  visible,  while  it  is 
noit  flMily  isolated  as  a  solid  rod,  by  the  actioa  of  nitrio  acid  with  excess  of 
potassLum  chlorate.  When  acted  on  by  silver  nitrate,  Fromann  observed  trans- 
verse markings  on  it,  but  their  significance  is  unknown  (Fig.  277,  8). 

B.  White  substance  of  Schwann,  medullary  sheath  or  myelin  sor- 
roimds  tiie  axis  cylinder,  like  an  insulating  medium  around  an  electric 
wire.  In  the  perfectly  fresh  condition,  it  is  quite  homogeneous,  highly 
glistening,  bright  and  refractive;  its  consistence  is  fluid,  so  that  it  oozes 
o«Et  of  the  cut  ends  of  the  fibres  in  spherical  drops  (Fig.  277,  x)  [mtfdin 
drpps,  which  are  always  marked  by  concentric  lines,  are  highly  refractive, 
aad  best  seen  when  a  fresh  nerve  is  teased  in  salt  solution].  After  death 
or  after  the  action  of  reagents,  it  shrinks  slightly  from  the  sheath,  so 
that  the  fibres  have  a  dottle  conUmr,  while  the  substance  itself  breaks 
up  into  smaller  or  larger  droplets,  due  not  to  coagulation  (Pertik)  but, 
according  to  Toldt,  to  a  process  like  emulsification,  the  drops  pressing 
against  each  other.  Thus  the  fibre  is  broken  up  into  masses  so  that  it 
has  a  characteristic  appearance  (Fig.  277, 6).  It  contains  a  large  amount 
of  cerdnin,  which  swells  up  to  form  myelin-like  forms  in  warm  water. 
It  also  contains  fatty  matter,  so  that  these  fibres  are  blackened  by  osmic 
acid,  [while  boiling  ether  extracts  cholesterin  from  them].    Chloroform, 
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ctber,  and  ben^,  b;  dissolviDg  the  fatty  and  aome  other  ooiutattMnla 
of  tlie  fibres,  make  them  very  transparent.  [Some  obaeima  dewaibe  a 
flnid  lying  between  the  medulla  and  the  axis  cylinder.] 

C.  Tbe  Bheath  of  Schwaun,  or  the  neurilemma,  lies  immediately 
outside  of  and  invests  tbe  vhite  sheath  (Fig;  277,  6,  c),  and  is  a 
delicate,  structureless  membrane,  comparable  to  the  sarcolemma  <^  a 
muscular  fibre. 

D.  Herve-CorpoBcles. — At  fairly  wide  interrals  ander  the  neurilemma, 
and  lying  in  depressions  between  it  and  the  mednllary  sheath,  ats 
the  nucleated  nerve-corpusdes  which  are  readily  stained  by  pigments. 
[They  may  be  compared  to  the  moscle-corpuscles,  the  nudd  beit^ 
sorrounded  by  a  small  amount  of  protoplasm  wbich  sometimes  contains 
pigment.      They  are  not  so  numeroos  as  in  muscle.] 

Ranvier's  Nodes  or  CooBtrictions. — The  neurilemma  forms,  in  broad 
fibres  at  longer,  and  in  narrower  ones  at  shorter,  Lnterrals,  the  nodes  ix 
cmstTictiojia  of  Banvi^  (Fig.  276, 6,  /,  (,  Fig.  278,  /«).     They  are  con- 


Kg.  278. 
Mednllated  uerve-fibres 
bUckened  by  oamio  acid 
— /«,  Banvier'B  node;  tch, 
Schwann's  Bheath  (after 
Eichhont). 


of  a  aiDgle  &BCi- 
cnlua  of  nerTe-flbraa,  ataiaed 
with  ailvra'  nitrate.  Endo- 
thslial  afaeatb  stuned,  and 
some  nodes  of  Ranvier  in- 
dicated by  crosses  x  200 
[Knott,  aiter  Ranvier). 
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strictions  which  occnr  at  regular  intervals  along  a  nerve-fibre ;  at  them 
the  white  substance  of  Schwann  is  interrupted,  so  that  the  sheath  o£ 
Schwann  lies  upon  the  axis  cylinder  [or  its  elastic  sheath]  at  the  nodes* 
The  part  of  the  nerve  lying  between  any  two  nodes  [is  called  an  inter- 
annular  or  inier-nodai  segment],  and  each  such  segment  contains  one  or 
more  nuclei,  so  that  some  observers  look  upon  the  whole  segment  aa 
equivalent  to  one  celL 

The  ftmction  of  the  nodes  seems  to  be  to  permit  the  diffusion  of 
plasma  through  the  outer  sheath  into  the  axis  cylinder,  while  the  de* 
composition  products  are  similarly  given  off.  [A  colouring  matter  like 
picro-carmine  diffuses  into  the  fibre  only  at  the  nodes,  and  stains  the 
axis  cylinder  red,  although  it  does  not  diffuse  through  the  white 
substance  of  Schwann.] 

[Incisures  (of  Schmidt  and  Lantermann). — ^Each  interannular  segment 
in  a  stretched  nerve,  shows  a  number  of  oblique  lines  running  across 
the  white  substance,  which  are  called  incisures.  They  indicate  that  the 
segment  is  built  up  of  a  series  of  conical  sections,  each  of  which  is 
beveUed  at  its  ends,  and  the  bevels  are  arranged  in  an  imbricate  manner, 
the  one  over  the  other  (Fig.  278),  while  the  slight  interval  between 
them  appears  as  an  incisure.  Each  such  section  of  the  white  matter  is 
called  a  cylinder  cone  (Kuhnt)]. 

HeurO*Keratin  Sheath* — According  to  Ewald  and  Kiihne,  the  axis  cylinder, 
as  well  as  the  white  snbetance  of  Schwann,  is  covered  with  an  excessively  delicate 
sheath,  conaistiiDg  of  neuro-kercUin,  and  the  two  sheaths  are  connected  by  namerons. 
transverse  and  oblique  fibrils,  which  permeate  the  white  substance.  [The  myelin 
seems  to  lie  in  the  interstices  of  this  mesh -work.] 

[Rod-like  Structures  in  Myelin. — I^  ^  nerve  be  hardened  in  ammofimm 
chromate  (or  picric  ctcid),  McCarthy  has  shown  that  the  myelin  exhibits  rod-like 
structures,  radiating  from  the  axis  cylinder  outwards,  and  which  are  stained  with 
logwood  and  carmine.  The  rods  are  probably  not  distinct  from  each  other,  but  are 
perhaps  part  of  the  neuro-keratin  net-work  already  described.] 

Action  of  Nitrate  of  Silver. — When  a  small  nerve,  e,g,,  the  inter- 
costal nerve  of  a  mouse,  is  acted  on  by  silver  nitrate,  it  is  seen  to  be 
covered  by  an  endothelial  sheath  composed  of  flattened  endothelial  cells 
(Fig.  279),  while  the  nerve-fibres  themselves  exhibit  crosses  along 
their  course.  These  crosses  are  due  to  the  penetration  of  the  silver 
solution  at  the  nodes,  where  it  stains  the  cement-substance  and  also 
part  of  the  axis  cylinder,  so  that  the  latter  sometimes  exhibits  transverse 
markings  called  Fromann's  lines  (Fig.  277,  8)]. 

In  the  spinal  nerves,  those  fibres  are  thickest  which  have  the  longest  course 
before  they  reach  their  end-organ  (Schwalbe),  while  those  ganglion  cells  are  largest 
which  send  out  the  longest  nerve-fibres  (Pierret), 

Division  of  Nerves. — Nerve-fibres  run  in  the  nerve-trunks  without 
dividing ;  but,  when  they  approach  their  termination,  they  often  divide 
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dicliotomoiisly  [at  a  node],  giving  rise  to  two  similar  fibres,  but  therq 
may  be  several  branches  at  a  node  (Fig.  281,  f). 

[The  dividona  are  nvmerotu  in  motor  nerrea  to  Btripad  mnaclei.]  In  tha 
elecfaric&l  DBrres  of  the  taalsptemnu  and  gTinnotiii,  there  it  a  great  accnmnlation 
of  Schwum'i  sbe&thB  round  «  nerve,  bo  that  a  aerve-fibre  ii  as  thick  ts  a  lewing 
Deodle.    Saeh  a  fibre  when  it  divides,  breaks  ap  into  a  bundle  of  smaller  fibres. 

Nerve  Bheaths. — [An  anatomical  nerve-trunk  consists  of  bundles  of 
nerve-fibres.  The  bundles  are  held  together  b;  a  common  connective- 
tissue  sheath  (Fig.  280,  ep),  the  epiMurium  (Axel  Key  and  Betzius) 
which  contains  the  lai^r  blood-vessels,  lymphatics,  and  sometimes  fat 
and  plasma  cells.]  Each  bundle  is  surrounded  with  its  own  sheath  or 
perineurmm  (pe),  [which  consists  of  lamellated  connective-tissue  dis- 
posed circularly,  and  between  the  lamellfe  are  lymph  spaces  lined  by 
flattened  endothelial  plates.]  These  lymph  spaces  may  be  injected  fron^ 
and  communicate  wiUi  the  lymphatics. 


Truuverae  section  of  part  of  the  median  nerve — ep,  epinenrinm ;  pf,  perineuriaDi ; 

ed,  endoneuriiun  (after  Eicbhorat). 

[The  nerve-fibres  within  any  bundle  are  held  together  by  delicate 
connective-tissue,  which  penetrates  between  the  adjoining  fibres,  consti- 
tuting the  endoneurium  (fid).  It  consists  of  delicate  fibres  with  branched 
connective-tissue  corpuscles  (Fig.  277,  6,  d),  and  in  it  lie  the  capillaries, 
which  are  not  very  numerous,  and  are  arranged  to  form  elongated  open 


[Henle's  Sheath. — When  a  nerve  is  traced  to  its  distribution,  it 
branches  and  becomes   smaller,  until  it   may  consist  only  of  a  few 
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bundles  or  even  a  single  bundle  of  nerve-fibres.  As  the  bundle  branches, 
it  has  to  give  off  part  of  its  lamellated  sheath  or  perineurium  to  each 
branch,  so  that  as  we  pass  to  the  periphery,  the  smaller  bundles  are 
surrounded  by  few  lamell».  In  a  bundle  containing  only  a  few  fibres, 
this  sheath  may  be  much  reduced,  or  consist  only  of  thin  flattened 
connective-tissue  corpuscles  with  a  few  fibres.  A  sheath  surrounding 
a  few  nerve-fibres  is  called  HenU's  Sheath  (Ranvier). 

[Hervi  Nervonun. — Marshall  and  V.  Horsley  have  shown,  that  the  nerve 
sheaths  are  provided  with  special  nerve-tibres,  in  virtue  of  which  they  are 
endowed  with  sensibility.] 

Development. — At  first  nerve-fibres  oonsist  only   of  fibrils,  which  become 
covered   with   connective   substance,    and   ultimately   the   white   substance  of 
Schwann  is  developed  in  some  of  them.    The  growth  in  length  of  the  fibres  takes 
place  by  elongation  of  the  individual  "interannular"  segments,  and  also  by  the 
new  formation  of  these  (Vignal). 

II.  Ganglionic  or  nerve-cells  are  partly  regarded  as  cdls  and  partly 
as  complex  structures.     We  distinguish — 

1.  Multipolar  nerve-cells  (Fig.  277, 1 — ^Purkinje,  1838)  occur  partly 
as  large  cells  (100  /lc,  and  are,  therefore,  visible  to  the  unaided  eye), 
in  the  anterior  horn  of  the  spinal  cord,  and  in  a  different  form  in  the 
cerebellum,  and  partly  in  a  smaller  form  (20-10  /u)  in  the  posterior 
horns  of  the  spinal  cord,  many  parts  of  the  cerebrum  and  cerebellum, 
and  in  the  retina.  They  may  be  spherical,  ovoid,  pyramidal  [cerebrum], 
pear-  or  flask-shaped  [cerebellum],  and  are  provided  with  numerous 
branched  processes,  which  give  the  cells  a  characteristic  appearance. 
They  are  devoid  of  a  cell  envelope,  are  of  soft  consistence,  and  exhibit  a 
fibrillated  structure,  which  may  extend  even  into  the  processes.  Fine 
granules  lie  scattered  throughout  the  cell-substance  between  the  fibnls. 
Not  un&equently  yellow  or  brown  granules  of  pigment  are  also  found, 
either  collected  at  certain  parts  in  the  cell  or  scattered  throughout  it. 
The  relatively  large  ivacleus  consists  of  a  clear  envelope  enclosing  a 
resistant  substance.  It  does  not  appear  to  have  a  membrane  in  youth 
(Schwalbe).  Within  the  nucleus  lies  the  nucleoltis,  which  in  the  recent 
condition  is  angular,  provided  with  processes  and  capable  of  motion, 
but  after  death,  is  highly  refractive  and  spherical.  One  of  the  ^processes 
is  always  unbranched,  constituting  the  axial  cylinder  process  (I,  z)  which  re- 
mains unbranched,  but  it  soon  becomes  covered  with  the  white  substance 
of  Schwann,  and  the  other  sheaths  of  a  medullated  nerve,  so  that  it 
becomes  the  axial  cylinder  of  a  nerve-fibre.  [Thus  a  nerve-fibre  is 
merely  an  excessively  long,  unbranched  process  of  a  nerve-cell  pushed 
outwards  towards  the  periphery.]  It  is  not  definitely  ascertained  that 
the  cerebral  cells  have  such  processes.  All  the  other  processes  divide 
very  frequently,  until  they  form  a  branched,  root-like,  complex  arrange- 
ment of  the  finest  primitive  fibrils.     These  are  called  protoplasmic 


BIPOLAR  AND  OTHER  MERVE-CELLS. 


71T 


processes  (I,  t/).  By  means  of  these  processes  adjoining  cells  are  brought 
into  communicatioQ  with  each  other,  so  that  impolses  can  be  conducted 
from  one  cell  to  another.  Further,  many  of  these  fibrils  approximate 
to  each  other,  and  join  together  to 
form  axis  cylinders  of  other  nerve- 
fibres. 

2.  Bipolar  cells  are  best  developed 
in  fishes — e.^.,  in  the  spinal  ganglia 
of  the  skate,  and  in  the  Gasserian 
ganglion  of  the  pike.  The;  appear  to 
be  nucleated,  fusiform  enlargements  of 
the  axis  c:rlinder  (Fig.  277,  on  the 
right  of  I).  The  white  substance 
often  stops  short  on  each  side  of  the 
enlargement,  but  sometimes  the  white 
substance  and  the  sheath  of  Schwann 
pass  over  the  enlargement. 

3.  Herve-cellB  with  connectiTe-tiasse 
c^sules  occur  in  tlie  peripheral  ganglia 
of  man  (Fig.  277,  II),  e.g.,  in  the 
spinal  ganglia.  The  soft  body  of  the 
cell,  which  is  provided  with  several 
processes,  is  covered  by  a  thick,  tough 
capsule  composed  of  several  layers  of 
connective-tisane  corpuscles ;  while  the 
inner  surface  of  the  composite  capsule 
is  lined  by  a  layer  of  delicate  endo- 
thelial cells  (Fig.  281).  The  body  of 
the  cells  in  the  spinal  gangha,  is 
traversed  by  a  net-work  of  fine  fibrils 
(Flemming).  The  capsule  is  continu- 
ous  with   the  sheath   of  the  nerve- 


Fig.  281. 
Cell  from  the  Gaaaeri&n  ganglion — 
R,  nnclei  of  the  shesth ;  t,  fibie 
dividing  at  a  node  of  Banvior 

(Schwalbe). 


B&witz  and  G.  Retdns  find,  that  tlia 
ceMa  of  the  apinal  ganglia  ara  unipolar,  the 
out-going  fibre  taking  a  half-turn  within  the  capanle  before  it  leave*  the  cell  (Fig. 
2SI).  Retziiu  [and  RaavierJ  observed  the  procew  to  divide  like  a  T.  Ferhape  this 
diviiion  correiponda  to  the  two  proceaaeB  of  a  bipolar  celL 

The  JQgnlar  ganglion  and  plexus  gangUiformia  vagi  in  man,  contain  only  nnipolar 
cells,  M  that,  in  this  respect,  they  may  be  compared  to  ajunal  ganglia.  The  same 
ia  the  case  in  the  Gaaserian  ganglion;  while  the  oiliaiy,  apbenopalatine,  otio,  and 
■nbmauUocy  ganglia  strnctnroUy  reaemble  the  ganglia  of  the  aympathetic. 

4.  Ganglionic  cells  with  spiral  fibres  (Beale,  J.  Arnold)  occur  chiefly 
in  the  abdominal  sympathetic  of  the  frog.     The  body  of  the  cell  is 
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usually  pyriform  in  shape,  and  from  it  there  proceeds  a  straight, 
unbranched  process  (Fig.  277,  III,  n),  which  ultimately  becomes  the 
axis  cylinder  of  a  nerve.  A  spiral  fibre  springs  from  the  cell  ()  a  net- 
work), emerges  from  it,  and  curves  in  a  spiral  direction  round  the 
former  (o).  The  whole  cell  is  surrounded  by  a  nucleated  capsule  (m). 
We  know  nothing  of  the  significance  of  the  different  fibres. 

322.  Chemistry  of  the  Nervous  Substance. 

Mechanical  Properties  of  Nerves. 

1.  Froteids. — Albumin  occurs  chiefly  in  the  axis  cylinder  and  in  the 
substance  of  the  ganglionic  cells.  Some  of  this  proteid  substance 
presents  characters  not  unlike   those   of  myosin   (p.  625).     Dilute 

.solution  of  common  salt  extracts  a  proteid  from  nervous  matter,  which 
is  precipitated  by  the  addition  of  much  water,  and  also  by  a  con- 
centrated  solution  of  common  salt  (Petrowsky).  PoiashrdOmmin  and  a 
globulin-like  substance  are  also  present.  Nudein  occurs  especially  in  the 
grey  matter  (p.  504),  while  neuro-keratin^  a  body  containing  much  sulphur 
and  closely  related  to  keratin,  occurs  in  the  corneous  sheath  of  nerve- 
fibres  (p.  714).  If  grey  nervous  matter  be  subjected  to  artificial  diges- 
tion with  trypsin  (p.  341),  both  of  these  substances  remain  undigested 
(Kiihne  and  Ewald).  Pure  neuro-keratin  is  obtained  by  treating  the 
residue  with  caustic  potash.  The  sheath  of  Schwann  does  not  yield 
gelatin,  but  a  substance  closely  related  to  dastin  (p.  505),  from  which 
it  differs,  however,  in  being  more  soluble  in  alkalies.  The  connective- 
tissue  of  nerves  yields  gelatin. 

2.  Fats  and  oilier  allied  substances  soluble  in  dher,  more  especially  in 
the  white  matter : — 

(a.)  Cerebrin,  free  from  phosphorus  (p.  508). 

It  is  a  white  powder  composed  of  spherical  granules  soluble  in  hot  alcohol  and 
ether,  but  insoluble  in  cold  water.  It  is  decomposed  at  SC'C,  and  its  solutions  are 
neutral.  When  boiled  for  a  long  time  with  acids,  it  splits  up  into  a  left-rotatory 
body  like  sugar,  and  another  unknown  product.  PrepartUioTL — Rub  up  the  brain 
into  a  thin  fluid  with  baryta  water.  Extract  the  separated  coagulum  with  boiling 
alcohol.  The  extract  is  frequently  treated  with  cold  ether  to  remove  the  choles- 
terin  (p.  510)  (W.  Miiller).  Parkus  separated  from  cerebrin  its  homologue, 
homocerebrin,  which  is  slightly  more  soluble  in  alcohol,  and  the  clyster-like  body» 
encephalin,  which  is  soluble  in  hot  water. 

(b.)  Lecithin  (pp.  46,  509)  and  its  decomposition  products-^-glycerin- 
phosphoric  acid  and  oleo-phosphoric  acid. 

Neurin  (or  Cholin=C5Hi5NOs)  is  a  strongly  alkaline,  colourless  fluid,  forming 
crystalline  salts  with  acids.  It  is  soluble  in  water  and  alcohol,  and  has  been 
formed  synthetically  from  glycol  and  trimethylamin.  Lecithin  is  a  salt  of  the  base 
neurin. 
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(e.)  Frotagon,  which  contains  N  and  P,  is  similar  to  cerebrin,  and  is, 
according  to  its  discoverer  (Liebreich),  the  chief  constituent  of  the 
brain.  According  to  Hoppe-Seyler  [and  Diaconow],  it  is  a  mixture  of 
lecithin  and  cerebrin.  [The  investigations  of  Ghungee  and  Blankenhom 
have  shown,  however^  that  protagon  is  a  definite  chemical  body.  They 
find  that,  instead  of  being  unstable,  it  is  a  very  stable  body.] 

3.  The  foUowing  snbetancee  are  extracted  by  water : — Xanthin  and  hypozanthin 
(Sdierer,  p.  514),  kreatin  (Lerch,  p.  513),  inoflit  (W.  Miiller,  p.  562),  ordinary 
lactic  acid  (Gscheidlen),  and  volatile  fatfcy  acids ;  leadn  (in  disease),  urea  (in 
nnBmla).  All  these  substances  are  for  the  most  part  products  of  the  regressiye 
metabolism  of  the  tissues. 

Reaction. — Nervous  substance  when  passive,  is  neutral  or  feebly 
alkaline  in  reaction,  while  active  (9  and  dead)  it  is  acid  (Funke). 
The  grey  matter  of  the  brain  is  always  acid  (Gscheidlen),  and  after 
death,  it  becomes  more  acid.  The  nerves,  after  death,  have  a  more 
solid  consistence,  so  that  in  all  probability  some  coagulation  or  change, 
comparable  to  the  stiffening  of  muscle  (§  295),  occurs  in  them  after 
death,  while,  at  the  same  time,  a  free  acid  is  liberated.  If  a  fresh 
brain  be  rapidly  '' broiled"  at  lOO^C,  it,  like  a  muscle  similarly 
treated,  remains  alkaline  (p.  632). 

Chemical  Composition. 


The  solids  consist  of — 

Albumins  and  Glutin,        • 
Lecithin,   .... 
Cholesterin  and  Fats, 
Cerebrin,  .... 
Substances  insoluble  in  Ether, 
Salts,         •        •        •        • 


Qrey  Matter. 


White  Hatter. 


81  *6  per  cent. 
18*4 


65*4 

17-2 

18-7 

0-6 

6-7 

1-6 

100-0 


» 


68*4  per  cent 
31*6 


ft 


24*7 
9-9 

52*1 
9-5 
3*3 
0*5 

100  0 


In  100  parts  of  Ash,  Breed  found  the  following : — 


Potash, 32*42 

Soda, 10-69 

Magnesia, 1*23 

Lime, 0*72 

Sodic  Chloride,     .        .        .        .574 


Phosphate  of  Iron,  •  •  .1*23 
Phosphorio  Acid  hi  combination,  39*02 
„  „  fi?ee,  .  •  8*78 
Sulphuric  Acid,  ....  0*75 
SiUca, 0*42 


Mechanical  PropertieB  of  Nerves.— One  of  the  most  remarkable 
mechanical  properties  of  nerve-fibres  is  the  absence  of  elastic  tension 
according  to  the  varying  positions  of  the  body.    Divided  nerves  do  not 
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retract,  sach  nerves  exhibit  delicate,  microscopic,  transverse  folds  (Fon- 
tana's  transverse  markings),  [like  watered  silk]. 

The  cohesion  of  a  nerve  is  very  considerable.  When  a  limb  is 
forcibly  torn  from  the  body,  as  sometimes  happens  from  its  becom- 
ing entangled  in  machinery,  the  nerve  not  unfrequently  remains 
unsevered,  while  the  other  soft  parts  are  ruptured.  [Tillaux  found 
that  a  weight  of  110-120  lbs.  was  required  to  rupture  the  sciatic 
nerve  at  the  popliteal  space,  while  to  break  the  median  or  ulnar  nerve 
of  a  fresh  body,  a  force  equal  to  40-50  lbs.  was  required.  The 
toughness  and  elasticity  of  nerves  are  often  well  shown  in  cases  of 
injury  or  gun-shot  wounds.  The  median  or  ulnar  nerve  will  gain 
15-20  centimetres  (6-8  inches)  before  breaking.  Weir  Mitchell  has 
shown  that,  a  healthy  nerve  will  bear  a  very  considerable  amount  of 
pressure  and  handling,  and  in  fact  the  method  of  nerve-stretching 
depends  upon  this  property  of  a  nerve-trunk.] 


823.  Metabolism  of  Nerves. 

Influence  of  Blood  Supply. — We  know  very  little  regarding  the 
metabolic  processes  that  occur  in  nerve-tissue.  Some  extractives  are 
obtained  from  nerve-tissue,  and  they  may,  perhaps,  be  regarded  as 
decomposition  products  (p.  719).  It  has  not  been  proved  satisfactorily 
that  during  the  activity  of  nerves,  there  is  an  exchange  of  0  and  CO,. 
That  there  is  an  exchange  of  materials  within  the  nerves  is  proved  by 
the  fact  that,  after  compression  of  tht  blood-vessels  of  the  nerves,  the 
excitability  of  the  nerves  falls,  and  is  restored  again  when  the  circula- 
tion is  re-established.  Compression  of  the  abdominal  aorta  causes 
paralysis  and  numbness  of  the  lower  half  of  the  body,  while  occlusion 
of  the  cerebral  vessels  causes  almost  instantaneously,  cessation  of  the 
cerebral  functions.  The  metabolism  of  the  central  nervous  organs  is 
much  more  active  than  that  of  the  nerves  themselves.  [If  the  abdo- 
minal aorta  of  a  rabbit  be  compressed  for  a  few  minutes,  the  hind 
limbs  are  quickly  paralysed,  the  animal  crawls  forward  on  its  fore-legs, 
drawing  the  hind  limbs  in  an  extended  position  after  it.] 


324.  Excitability  of  the  Nerves— Stimuli. 

Nerves  possess  the  property  of  being  thrown  into  a  state  of  excite- 
ment  by  stimtUi,  and  are,  therefore,  said  to  be  excitable  or  irritable.  The 
stimuli  may  be  applied  to,  and  may  act  upon,  any  part  of  the  nerve. 
[The  following  are  the  various  kinds  of  stimuli — e.e.,  modes  of  motion, 
which  act  upon  nerves] : — 
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1.  Mechanical  stimiUi  act  upon  nerves,  when  they  are  applied  with 
sufficient  rapidity  to  prodace  a  change  in  the  form  of  the  nerve  particles 
— e.g.^  a  blow,  pressure,  pinching,  tension,  puncture,  section.  In  the 
case  of  sensory  nerves,  when  they  are  stimulated,  pain  is  produced,  as 
is  felt  when  a  limb  "  sleeps,"  or  when  pressure  is  exerted  upon  the 
ulnar  nerve  at  the  bend  of  the  elbow.  When  a  Tnotor  nerve  is  stimu- 
latedy  motion  results  in  the  muscle  attached  to  the  nerve.  If  the 
continuity  of  the  nerve-fibres  be  destroyed,  or,  what  is  the  same  things 
if  the  continuity  of  the  axial  cylinder  be  interrupted  by  the  mechanical 
stimulus,  the  conduction  of  the  impulse  across  the  injured  part  is 
interrupted.  If  the  molecular  arrangements  of  the  nerve  be  per- 
manently deranged — e.^.,  by  a  violent  shock,  the  excitability  of  the 
nerves  may  be  thereby  extinguished. 

A  slight  blow,  applied  ta  the  radial  nerve  in  the  fore-arm,  or  to  the  aziDary 
nerves  in  tiie  sapiaclavicnlar  groove,  is  followed  by  a  contraction  of  the  muscles- 
sc^plied  by  these  nerves.  Under  pathological  conditions,  the  excitability  of  a- 
nerve  for  mechanical  stimuli  may  be  increased  enormously. 

Tigerstedt  ascertained  that  the  minimal  mechanical  stimulus  is 
represented  by  900  milligram-millimetres,  and  the  tmmmwm  by  7,000- 
8,000.  Strong  stimuli  cause  fatigue,  but  the  fatigue  does  not  extend 
beyond  the  part  stimulated.  A  nerve  when  stimulated  mechanically 
does  not  become  acid.  Slight  pressure  without  tension  increases  the 
excitability,  which  diminishes  after  a  short  time.  Continued  pressure 
upon  a  mixed  nerve  paralyses  the  motor  sooner  than  the  sensory  fibres. 
If  the  stimulus  be  applied  very  gradually^  the  nerve  may  be  rendered  in- 
excitable,  without  manifesting  any  signs  of  its  being  stimulated  (Fontana,. 
1785).  Paralysis,  due  to  continuous  pressure  gradually  applied,  may 
occur  in  the  region  supplied  by  the  brachial  nerves ;  the  left  recurrent- 
laryngeal  nerve  also  may  be  similarly  paralysed  from  the  pressure  of  an 
aneurism  of  the  arch  of  the  aorta. 

ServOirtretollUlff  is  one  of  the  methods  that  has  recently  been  employed  for 
therapeutical  purposes.  If  a  nerve  be  exposed  and  stretched,  or  if  a  certain 
tension  be  exerted  upon  it,  this  acts  as  a  stimulus.  Slight  extension  increasea 
the  reflex  excitability  (Schleich),  while  violent  extension  produces  a  temporary 
diminutioa  or  abolition  of  the  excitability  (Valentin).  The  centripetal  fibrea 
(sensory)  of  the  sciatic  nerve  are  sooner  paralysed  thereby  than  the  centrifugal 
(motor)— (Conrad).  During  the  process  of  extension,  mechanical  changes  are  pro- 
duced, either  in  the  nerve  itself  or  in  its  end-organs,  causing  an  alteration  of  the 
excitability,  but  it  may  also  afifect  the  central  organs.  The  paralysis  which  some- 
times occurs  after  forcible  stretching,  usually  rapidly  disappears.  Therefore,  whea 
a  nerve  is  in  an  excessively  excitable  condition,  or  when  this  is  due  to  an  inflam- 
matory fixation  or  constriction  of  the  nerve  at  some  part  of  its  course,  then  nerve- 
stretching  may  be  useful,  partly  by  diminishing  the  excitability,  partly  by  break- 
ing op  tiie  inflammatoTy  adhesions.  In  cases  where  stimulation  of  an  afiferent  nerve 
gives  rise  to  epikpiic  or  ieUuuc  tpaana,  nerve-stretching  may  be  useful  by  dimin- 
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iahing  the  excitability  at  the  periphery,  in  addition  to  the  other  effects  already 
described.  It  has  also  been  employed  in  some  spinal  affections,  which  may  not 
«8  yet  have  resulted  in  marked  degenerative  changes. 

Tetanomotor. — For  physiological  purposes,  a  nerve  may  be  stimulated 
mechanically  by  means  of  Heidenhain's  idammoiar,  which  is  simply  an 
ivory  hammer  attached  to  the  prolonged  spring  of  a  Neef 's  hammer  of 
an  induction  machina  The  rapid  vibration  of  the  hammer  communi- 
cates a  series  of  mechanical  shocks  to  the  nerve  upon  which  it  is 
caused  to  beat  Ehythmic  extension  of  a  nerve  causes  contractions 
and  even  tetanus. 

2.  Thermal  Stimuli — ^If  a  frog's  nerve  be  heated  to  45°C.,  its  excU- 
ability  is  first  increased  and  then  diminished.  The  higher  the  tempera- 
ture, the  greater  is  the  excitability,  and  the  shorter  its  duration 
(Afanasieff).  Sudden  cooling  of  a  nerve  to  S^'O.  acts  as  a  stimulus, 
causing  contraction  in  a  muscle,  while  sudden  heating  to  ^O'^-^d^C, 
produces  the  same  result.  If  the  temperature  be  increased  still  more, 
instead  of  a  single  contraction,  a  tetanic  condition  is  produced  All 
such  rapid  variations  of  temperature  quickly  exhaust  the  nerve  and  kill 
it  If  a  nerve  be  heated  to  50°0.  for  a  short  time,  its  excitability  and 
conductivity  are  abolished  The  frog's  nerve  alone  regains  its  excit- 
ability on  being  cooled  (Pickford,  J.  Rosenthal).  If  the  temperature 
be  raised  to  65°C.,  the  excitability  is  abolished  without  the  occurrence 
of  a  contraction,  while  its  medulla  is  broken  up  (Eckhard).  If  a  nerve 
be  frozen  gradually,  it  retains  its  excitability  on  being  thawed.  The 
excitability  lasts  long  in  a  cooled  nerve ;  in  fSEict^  it  is  increased  in  a 
motor  nerve,  but  the  contractions  are  not  so  high  and  more  extended, 
while  the  conduction  in  the  nerve  takes  place  more  slowly.  Amongst 
mamrrudian  nerves,  the  afferent  and  vaso-dilator  nerves  at  45°-50''C., 
exhibit  the  results  of  stimulation,  while  the  others  only  show  a  change 
in  their  excitability.  When  cooled  to  -f  S'^C,  the  excitability  of  all 
the  fibres  is  diminished  (Griitzner). 

3.  Chemical  stimuli  excite  nerves  when  they  act  so  as  to  change 
their  constitution  with  a  certain  rapidity  (p.  637).  Most  diemical 
stimuli  act  by  first  increasing  the  nervous  excitability,  and  then  dimin- 
ishing or  paralysing  it  Chemical  stimuli,  as  a  rule,  have  less  effect 
upon  sensory  than  upon  motor  fibres  (Eckhard,  Setschenow).  Accord- 
ing to  Griitzner,  the  inactivity  of  chemical  stimuli,  so  often  observed 
when  they  are  applied  to  sensory  nerves,  depends  in  great  part  upon 
the  non-simultaneous  stimulation  of  all  the  nerve-fibres.  Amongst 
chemical  stimuli  are — (a)  Eapid  abstraction  of  water  by  dry  air,  blot- 
ting paper,  exposure  in  a  chamber  containing  sulphuric  acid,  or  by  the 
action  of  solutions  which  absorb  fluids — e.g,,  concentrated  solutions 
of  neutral  alkaline  salts,  sugar,  urea,  concentrated  glycerin  (and  ?  some 
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metallic  salts).     The  subsequent  addition  of  water  may  abolish  the  con- 
tractions,  while  the  nerve  may  still  remain  ezcitabla    The  abstraction 
•of  water  first  increases,  and  afterwards  diminishes,  the  excitabilitj.   The 
imbibition  of   water  diminishes   the   excitability.      {b)  Free   alkaUes^ 
mineral  acids  (not  phosphoric),  many  organic  acids  (acetic,  oxalic,  tar- 
taric, lactic),  and  most  salts  of  the  heavy  metals.   While  the  adds  act  as 
atimoli,  only  when  they  are  somewhat  concentrated,  the  caustic  alkalies 
act  in  solutions  of  0*8  to  0*1  per  cent.  (Kuhne).     Neutral  potash  salts 
in  a  concentrated  form  rapidly  kill  a  nerve,  but  they  do  not  excite  it 
nearly  so  strongly  as  the  soda  compounds.      Dilute  solutions  of  the 
neutral  potash  salts,  first  increase  and  afterwards  diminish  it  (Ranke). 
(c)  Various  substances — e,g,,   dilute  alcohol,  ether,   chloroform,  bile, 
bile-salts,  and  sugar.     These  substances  usually  excite  contractions,  and 
afterwards  rapidly  kill  the  nerve.     Ammonia  (Eckhard),  lime-water 
^Kiihne),  some  metallic  salts,  carbon  bisulphide  and  ethereal  oils  kill 
the  nerve  without  exciting  it — ^at  least  without  producing  any  contrac- 
tion in  a  firog's  nerve-muscle  preparation.     Carbolic  acid  does  the  same, 
although,  when  applied  directly  to  the  spinal  cord,  it  produces  spaams. 
These  substances  excite  the  muscles,  when  they  are  directly  applied  to 
them.     Tannic  acid  does  not  act  as  a  stimulus  either  to  nerve  or 
muscle.     As  a  general  rule,  the  stimulating  solutions  must  be  stronger 
when  applied  to  a  nerve  than  to  a  muscle,  in  order  that  a  contraction 
may  be  produced. 

[If  a  nerve-muscle  preparation  of  a  frog's  limb  be  made,  and  a  straw- 
flag  (p.  635)  attached  to  the  toes,  while  the  femur  is  fixed  in  a  clamp, 
and  its  nerve  be  then  dipped  in  a  saturated  solution  of  common  salt, 
the  toes  soon  begin  to  twitch,  and  by-and-bye  the  whole  limb  becomes 
tetanic,  and  thus  keeps  the  straw-flag  extended.  The  effect  of  fluid  on 
a  muscle  or  nerve  is  easily  tested  by  fixing  the  muscle  in  a  clamp, 
while  a  drop  of  the  fluid  is  placed  on  a  greased  surfisu^e,  which  gives  it  a 
convex  form  (Kiihne).  The  end  of  the  muscle  or  nerve  is  then  brought 
into  contact  with  the  cupola  of  the  drop.] 

4.  The  physiological  or  normal  stimulus  excites  the  nerves  in  the 
normal,  intact  body.  Its  nature  is  entirely  unknown.  The  ^  nerve^ 
motion  "  thereby  set  up  travels  either  in  a  "  centriftigal "  or  outgoing 
direction,  from  the  central  nervous  system,  giving  rise  to  motion, 
inhibition  of  motion,  or  secretion ;  or  in  a  ''  centripetal  ^  or  ingoing 
direction,  from  the  specific  end-organs  of  the  nerves  of  the  special  senses 
or  the  sensory  nerves.  In  the  latter  case,  the  impulse  reaches  the  central 
organs,  where  it  may  excite  sensation  or  perception,  or  it  may  be  trans- 
ferred to  the  motor  areas  and  be  conducted  in  a  centrifugal  direction, 
constituting  a  '^  reflex "  stimulation  (§  360).     A  single  physiological 

nerve  impulse  travels  more  slowly  than  that  excited  by  the  momentary 
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application  of  an  induction  shock  (Lov^n,  v.  Eries);  it  may  even  last  as 
long  as  I  second  (v.  Kries). 

5.  Electrical  Stimuli. — The  electrical  current  acts  most  powerfully 
upon  the  nerves,  at  the  moment  when  it  is  applied,  and  at  the  moment 
when  it  ceases  (§  336) ;  in  a  similar  way,  any  increase  or  decrease  in 
the  strength  of  a  constant  current  acts  as  a  stimulus.  If  an  electrical 
current  be  applied  to  a  nerve,  and  its  strength  be  very  gradually  in- 
creased or  diminished,  then  the  visible  signs  of  stimulation  of  the  nervo 
are  very  slight.  As  a  general  rule,  the  stimulation  is  more  energetic, 
the  more  rapid  the  variations  of  the  strength  of  the  current  applied  to 
the  nerve,  ue,,  the  more  suddenly  the  inteTisUy  of  the  stimulating  current 
is  increased  or  diminished  (du  Bois-Seymond).  An  electrical  current, 
in  order  to  stimulate  a  nerve,  must  act  at  least  during  0'0015  second 
(Fick,  1863,  KOnig);  shocks  of  shorter  duration  have  no  effect  If  the 
duration  of  the  closing  shock  of  a  constant  current  be  so  arranged,  that 
it  is  just  too  short  to  be  active,  then  it  merely  requires  to  last  r3~2 
times  longer  to  produce  the  most  complete  effect  (Grunhagen). 

The  electrical  current  is  most  active  when  it  flows  in  the  long  axis  of 
the  nerve;  it  is  inactive  when  applied  vertically  to  the  axis  of  the 
nerve  (Qalvani,  J.  Albrecht,  A.  Meyer).  Similarly,  muscles  are  in- 
comparably less  excited  by  transverse  than  by  longitudinal  currenta 
(Giuflfr^). 

The  greater  the  length  of  nerve  traversed  by  the  current,  the  less 
the  stimulus  that  is  required  (Pfaff,  Marcuse,  Tschirjew). 

Constant  Current. — If  the  constant  current  be  used  as  a  nervous 
stimulus,  the  stimulating  effect  on  the  sensory  nerves  is  most  marked  at 
the  moment  of  closing  and  opening  [or  breaking]  the  current ;  during 
the  time  the  current  passes,  only  slight  excitement  is  perceived,  but 
even  under  these  circumstances,  very  strong  currents  may  cause  very 
considerable,  and  even  unbearable  sensations.  If  a  constant  current  be 
applied  to  a  motor  nerve^  the  greatest  effect  is  produced  when  the 
current  is  closed  [closing  shocJc],  and  when  it  is  opened  [opening  shock]. 
But  while  the  current  is  passing,  the  stimulation  does  not  cease  com- 
pletely (Wundt),  for,  with  a  certain  strength  of  stimulus,  the  muscle 
remains  in  a  state  of  tetanus  (galvanotonus  or  "dosing-ietanus") — (Pfliiger). 
With  strong  currents  this  tetanus  does  not  appear,  chiefly  because  the 
current  diminishes  the  excitability  of  the  nerves,  and  thus  develops 
resistance,  which  prevents  the  stimulus  from  reaching  the  muscle. 
According  to  Hermann,  a  descending  current  applied  to  the  nerve,  at  a 
distance  from  the  muscles,  causes  this  tetanus  more  readily,  while  an 
ascending  current  causes  it  more  readily  when  the  current  is  closed 
near  the  muscle.  The  constant  current  is  said  by  Griitzner  to  have  no 
effect  on  vaso-motor  and  secretory  fibres. 
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Contraotioil. — ^J  gradually  increaaing  the  strengtli  of  the 
electrical  stunnluB  applied  to  a  motor  nerve,  Fick  observed  that,  the  moscxilar 
contractions  (height  of  the  lift)  at  first  increased  proportionally  to  the  increase  of 
the  stimnlns,  nniil  a  maximal  contraction  was  obtained.  If  the  strength  of  the 
stimulus  be  increased  still  further,  another  increase  of  the  contraction  above  the 
first  reached  maximum  is  obtained.    This  is  called  an ' *  over-maximal  comircbction, " 

Tetanus. — ^If  svngle  shocks  of  short  duration  be  rapidly  applied  after 
each  other  to  a  nerve,  tetanus  in  the  corresponding  muscle  is  produced 
(§  298,  III.). 

A  motor  nerve  is  excited  by  a  feebler  electrical  stimulus  than  the 
muscle-substance.  This  is  proved  by  the  fact  that,  a  feebler  stimulus 
suffices  to  excite  a  muscle  when  applied  to  the  nerve  than  when  it  is 
applied  to  the  muscle  directly  (p.  636),  as  occurs  when  the  terminations 
of  the  motor  nerves  are  paralysed  by  curara  (Eosenthal). 

Soltmann  found  that,  the  excitability  of  the  motor  nerves  of  new-bom 
animals  for  electrical  stimuli  is  less  than  in  adults.  The  excitability 
increases  until  the  10th-12th  week  (dog),  and  in  the  human  subject, 
until  the  5th- 10th  month. 

Unequal  Excitability. — Under  certain  circumstances,  the  nearer  the 
part  of  the  motor  nerve  stimulated  lies  to  the  central  nervous  system, 
the  greater  is  the  effect  produced  (contraction) ;  [or,  what  is  the  same 
thing,  the  further  the  point  of  a  nerve  which  is  stimulated  is  from  the 
muscle,  the  stimulus  being  the  same,  the  greater  is  the  contraction]. 
According  to  Fleischl,  all  parts  of  the  nerve  are  equally  excitable  for 
chemical  stimuli.  Further,  it  is  said  that  the  higher  placed  parts  of  a 
nerve  are  more  excitable  only  when  the  stimulating  current  passes  in 
a  descending  direction;  the  reverse  is  the  case  when  the  current 
ascends  (Hermann,  Fleischl).  On  stimulating  a  sensory  nerve,  Ruther- 
ford and  Hallst^n  found,  that  the  reflex  contraction  was  greater  the 
nearer  the  point  stimulated  was  to  the  central  nervous  system. 

Unequal  Excitability  in  the  same  Nerve. — Nerve-fibres,  even  when 
functionally  the  same  and  included  in  the  same  nerve-trunk,  are  not 
all  equally  excitable.  Thus,  feeble  stimulation  of  the  sciatic  nerve  of  a 
frog  causes  contraction  of  the  flexor-muscles,  while  it  requires  a  stronger 
stimulus  to  produce  contraction  of  the  extensors  (Ritter,  1805,  Rollett), 
According  to  Bitter,  the  nerves  for  the  flexors  die  first. 

Direct  stimulation  of  the  muscles  in  curarised  animals  shows  that,  the  flexors 
contract  with  a  feebler  stimulus  (but  also  fatigue  sooner)  than  the  extensors;  the 
pale  muscles  of  the  rabbit  are  also  more  excitable  than  the  red.  As  a  rule,  poisons 
affect  the  flexors  sooner  than  the  extensors.  In  some  muscles,  some  pale  fibres 
are  present,  and  they  are  more  excitable  than  the  red  (Griitzner)— (§  298). 

Unipolar  Stimulation. — If  one  electrode  of  an  induction  apparatus 
be  applied  to  a  nerve,  it  may  act  as  a  stimulus.  Du  Bois-Keymond  has 
called  this  "  unipolar  induction  action."     It  is  due  to  the  movement 
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of  the  electric  current  to  and  from  the  free-ends  of  the  open  induction 
curront  at  the  moment  of  induction.  [Unipolar  induction  is  more  apt 
ta  occur  with  the  opening  than  the  closing  shock,  because  the  former  is 
more  intense.] 

Upon  muscle,  electrical  stimuli  act  quite  as  they  do  upon  nerves. 
Electrical  currents  of  veiy  short  duration  have  no  effect  upon  muscles 
lAose  nerves  are  paralysed  by  curara  (Briicke),  and  the  same  is  true 
of  greatly  fatigued  muscles,  or  muscles  about  to  die  or  greatly  weakened 
hy  diseased  conditions  (§  399). 

325.  Diminution  of  the  Excitability— Degeneration 

and  Regeneration  of  Nerves. 

1.  Normal  Nutrition. — The  continuance  of  the  normal  excitability  in 
the  nerves  of  the  body  depends  upon  the  maintenance  of  the  normal 
nutrition  of  the  nerves  themselves.  Insufficient  nutrition  causes  in  the 
first  instance  increased  excitability,  and  if  the  condition  be  continued, 
the  excitability  is  diminished  (§339, 1.). 

Wlien  the  physician  meets  with  the  signs  of  increased  excUcUnlUy  of  the  nerves, 
under  bad  or  abnormal  conditions  of  nutrition,  this  is  to  be  regarded  as  the 
beginning  of  the  stage  of  decrease  of  the  nerve  energy.  Invigorating  measures  are 
required. 

If  the  terminal  nervous  apparatus  be  subjected  to  a  temporary  dis- 
turbance of  its  nutrition,  the  return  of  the  normal  nutritive  process 
is  heralded  by  a  more  or  less  marked  stage  of  excitement.  The  more 
excitable  the  nervous  apparatus,  the  shorter  must  be  the  duration  of 
the  disturbance  of  nutrition — e.g.,  cutting  off  the  arterial  blood  supply, 
or  interfering  with  the  respiration. 

2.  Fatigue. — ^Continued  excessive  stimulation  of  a  nerve,  without 
sufficient  intervals  of  repose,  causes  fatigue  of  the  nerve,  and  by  exhaus- 
tion, rapidly  diminishes  the  excitability.  A  nerve  is  more  slowly 
&tigued  than  a  muscle  (Bernstein),  but  it  recovers  more  slowly. 

Recovery. — ^When  a  nerve  recovers,  at  first  it  does  so  slowly,  then 
more  rapidly,  and  afterwards  again  more  slowly.  If  recovery  does  not 
occur  within  half  an  hour,  after  a  frog's  nerve  has  been  subjected  to 
Tery  long  and  intense  stimulation,  it  will  not  take  place  at  all 
(Bernstein). 

3.  Continued  inaction  of  a  nerve  diminishes,  and  may  ultimately, 
abolish  the  excitability. 

Thus  the  central  ends  of  divided  sensory  nerves,  after  amputation  of  a  limb,  lose 
their  excitability,  although  the  nerves  are  still  connected  with  the  central  nervous 
system,  because  the  end-organs  through  which  they  were  normally  excited  have 
been  remoyed. 
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78? 


4.  Separation  from  their  Herre-CentreB.— The  nerve-fibres  renuun  in 
a  condition  of  nonnal  nutrition  only  when  they  are  directly  connected 
with  their  cenlre,  which  governs  the  nulrilive  proeeatee  within  the  dctkb. 
Tf  a  nerve  within  the  body  be  separated  from  its  aiUre — either  by 
section  of  the  nerve  or  compressing  it — within  a  ehort  time,  it  loeee  its 


Fig.  28S. 
Degeneration  uid  regeneration  of  nerves  —  A, 
SnbdiTision  of  the  myeliti;  B,  further  di^n- 
tegration  thereof  (osmic  acid  Btaining) ;  C, 
intormption  of  the  Mial  cylinder,  which  is 
inrroimded  with  the  broken-np  myelin ;  D, 
aocumnlation  of  nuclei,  witb  the  remainder  of 
the  myelin  (white)  in  a  spindle-shaped  fibre; 
E,  a  new  nerve-fibre  passing  in  a  curved 
conns  through  an  old  nerve-fibre  sheath ;  F, 
a  new  nerve-fibre,  with  a  new  eheath  of 
Schwann,  m,  within  the  old  sheath  of 
Schwann,  la  (Eichhorst). 

excitability,  and  the  peripheral  end  ondergoeB  fatty  degeneration,  whicb 
b^ins  in  4^6  days  in  warm-blooded  animals,  and  after  a  longer  tinn, 
in  cold-blooded  ones  (Job.  Miiller).  See  also  the  changes  of  the 
excitability  daring  this  condition,  the  so-called  "  BeadUm  of  degeneratim"' 
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(§  339).  If  the  teiuory  Berre-fibrea  of  the  root  of  a  spinal  neire  be 
divided  on  the  central  side  of  the  ganglion,  the  fibres  on  the  peripheral 
nde  do  not  degenerate,  for  the  ganglion  i§  the  trophic  or  nutritive 
centre  for  the  sensory  nerves,  bnt  the  fibres  still  in  connection  with 
the  cord  degenerate  (Waller,  Bidder). 

[Walterian  Law  of  Degeneration. — If  a  spinal  nerve  be  divided,  the 
peripheral  part  of  the  nerve  and  its  branches,  including  the  sensorf  and 
motor  fibres,  degenerate  completely  (Fig.  283,  A),  whUe  the  central 
parts  of  the  nerve  rem^n  unaltered.  If  the  anierwr  root  of  a  spinal 
nerve  alone  be  divided,  before  it  joins  the  posterior  root,  all  the 
peripheral  nerve-fibres  connected  with  the  anterior  root  d^enerate 
(Fig.  283,  B),  so  that  in  the  nerve  of  distribution  only  the  motor 
fibres  degenerate.  The  portion  of  the  nerve  root  which  remains 
attached  to  the  cord  does  not  degenerate.  If  the  poderior  root  alone 
be  divided,  between  the  spinal  cord  and  the  ganglion,  the  effect  is 
reversed,  the  part  of  the  nerve  root  lying  between  the  section  and  the 
spinal  cord  degenerates,  while  the  part  of  the  nerve  connected  with  the 
ganglion  does  not  degenerate  (Fig.  283,  C).  The  central  fibres  degenerate 
because  they  are  separated  from  the  ganglion.      If  the  ganglion  be 


Fig.  283. 
Diagram  of  the  rooti  of  a  ipinal  nerve  shoiriDg  the  effeot  of  section  (the  black 
parU  repreaent  the  degenerated  parts)— A,  soctlon  of  the  nerve-tmiik  beyond 
the  ganglion ;  B,  section  of  the  onteiior  root,  and  C,  of  the  posterior ;  D, 
exdsion  of  the  ganglion ;  a,  anterior,  p,  posterior  root ;  g,  gaDglion  (after 
Dalton). 

excised,  or  if  separated,  as  in  Fig.  263,  D,  both  the  central  and 
peripheral  parts  of  the  posterior  root  degenerate.  These  experiments 
of  Waller  show  that,  the  fibres  of  the  anterior  and  posterior  roots  are 
governed  by  different  centres  of  nutrition  or  "trophic  centres."  As 
the  anterior  root  degenerates,  when  it  is  separated  from  the  cord, 
and  the  posterior  when  it  is  separated  from  its  own  gaugUon,  it  is 
assumed  that,  the  trophic  centre  for  the  fibres  of  the  anterior  root  lies 
in  the  multipolar  nerve-cells  of  the  anterior  horn  of  the  grey  matter  of 
the  spinal  cord,  while  that  for  the  fibres  of  the  posterior  root  liesi^in 
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the  cells  of  the  ganglion  placed  on  it.  The  nature  of  this  supposed 
trophic  influence  is  entirely  unknown.] 

Traumatio  Degeneration. — Both  ends  of  the  nerve  at  the  point  of  section 
immediately  begin  to  undergo  ^'traunuUic  degeneration.**  (In  the  frog  on  the  Ist 
and  2nd  day.)  After  a  time,  neither  the  myelin  nor  axis  cylinder  are  distinguish- 
able (Schiff).  According  to  Engelmann,  this  condition  extends  only  to  the 
nearest  node  of  Banvier,  and  afterwards  the  so-called  **f<iUy  degeneraiion** 
begins.  The  process  of  ^^faJUy**  degeneration  begins  simoltaneonsly  in  the  whole 
peripheral  portion;  the  white  substance  of  Schwann  breaks  up  into  masses 
(Fi^.  282,  A),  just  as  it  does  after  death,  in  microscopic  preparations ;  afterwards, 
the  myelin  forms  globules  and  round  masses  (B),  the  axial  cylinder  is  compressed 
or  constricted,  and  is  ultimately  broken  across  (G)  in  many  places  (7th  day). 
The  nerve-fibre  seems  to  break  up  into  two  substances— one  &tty,  the  other 
proteid  in  constitution  (S.  Mayer),  the  fat  being  absorbed.  The  nuclei  of  Schwann's 
sheath  swell  up  and  proliferate  (D —until  the  10th  day).  According  to  Ranvier,  the 
nuclei  of  the  interannular  segments  and  their  surrounding  protoplasm  proliferate, 
and  ultimately  interrupt  the  continuity  of  the  axis  cylinder  and  the  myelin. 
They  then  undergo  considerable  development  with  simultaneous  disappearance  of 
the  medulla  and  axis  cylinder,  or  at  least  the  &tty  substances  formed  by  their 
degeneration,  so  that  the  nerve-fibres  look  like  fibres  of  connective-tissue. 
{According  to  this  view,  the  process  is  in  part  an  cuAwe  one,  due  to  the  growth 
of  the  nerve-corpuscles  breaking  up  the  contents  of  the  neurilemma,  which  then 
ultimately  undergo  chemical  degenerative  changes.]  According  to  Ranvier, 
Tizzoni,  and  others,  leucocytes  wander  into  the  cut  ends  of  the  nerves,  and  also  at 
Banvier's  nodes,  insinuating  themselves  into  the  nerve-fibres,  where  they  take 
myelin  into  their  bodies,  and  subject  it  to  certain  changes.  [These  cells  are  best 
revealed  by  the  action  of  osmic  acid,  which  blackens  any  myelin  particles  in  their 
interior.] 

Degeneration  also  takes  place  in  the  motorial  end-plates,  beginning  first  in  the 
non-medullated  branches,  then  in  the  terminal  fibrils,  and  lastly,  in  the  nerve- 
trunks  (Gessler). 

Kegeneration  of  If  erveS' — Ii^  order  that  regeneration  of  a  divided  nerve  may 
take  place  (Cruickshank,  1795),  the  divided  ends  of  the  nerve  must  be  brought  into 
contact  (p.  405).     In  man  this  is  done  by  means  of  sutures. 

About  the  middle  of  the  fourth  week,  small  clear  bands  appear  within  the 
neurilemma,  winding  between  the  nuclei  and  the  remains  of  the  myelin,  (£).  They 
soon  become  wider,  and  receive  myelin  with  incisures,  and  nodes,  and  a  sheath  of 
Schwann  (2nd-3rd  month— F).  Th&  regeneration  process  takes  place  in  each  inter- 
annular segment,  while  the  individual  segments  unite  end  to  end  at  the  nodes  of 
Ranvier  (§  321,  L,  5).  On  this  view,  each  nerve-segment  of  the  fibre  corresponds 
to  a  '*  cell-unit"  (E.  Neumann,  Eichhorst).  The  same  process  occurs  in  nerves 
Ugatured  in  their  course.  Several  new  fibres  may  be  formed  within  one  old  nerve- 
sheath.  The  divided  axis  cylinders  of  the  central  end  of  the  nerve  begin  to  grow 
about  the  I4th  day,  until  they  meet  the  newly  formed  ones,  with  which  they  unite. 

[Primary  and  Secondary  Nerve  Suture. — Numerous  experiments  on  animals 

and  man  have  established  ^e  fact  that,  immediate  or  primary  suture  of  a  nerve, 
after  it  is  divided,  either  accidentally  or  intentionally,  hastens  reunion  and  regenera- 
tion, and  accelerates  the  restoration  of  function.  Secondary  suture— i.e.,  bringing 
the  ends  together  long  after  the  nerve  has  been  divided,  has  been  practised  with 
success.  Surgeons  have  recorded  cases  where  the  function  was  restored  after 
division  had  taken  place  for  3-16  months,  and  even  longer,  and  in  most  cases  the  sen- 
sibility was  restored  first,  the  average  time  being  2-4  weeks.  Motion  is  recovered 
siuch  later.    The  ends  of  the  nerve  should  be  stitched  to  each  other  with  catgut. 
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tibe  nrascles  at  the  same  time  being  kept  from  becoming  atropMed  by  electrical 
stimulation  and  the  systematic  nse  of  massage  (p.  677).] 

The  central  end  of  a  divided  motor  nerve  may  unite  with  the  peripheral  end  of 
another  and  still  condnct  impnlses  (Rava). 

[There  seems  to  be  no  doubt  that  sensory  fibres  will  reunite  with  sensory  fibres, 
and  motor  fibres  with  motor  fibres,  and  the  regenerated  nerve  will,  in  the  former 
oaae,  conduct  sensory  impulses,  and  the  latter  motor  impTdses.  There  is  very 
considerable  diversity  of  opinion,  however,  as  to  the  regeneration  or  union  of 
sensory  with  motor  fibres.  Paul  Bert  made  the  following  experiment: — He 
stitched  the  tail  of  a  rat  into  the  animal's  back,  and  after  union  had  taken  place, 
he  cut  the  tail  from  the  body  at  the  root,  so  that  the  tail,  as  it  were,  grew  out  of 
the  animal's  back,  broad  end  uppermost.  On  irritating  the  end  of  the  tail,  which 
was  formerly  the  root,  the  animal  gave  signs  of  pain.  This  experiment  shows  that 
nerve-fibres  can  conduct  impulses  in  both  directions.  One  of  two  things  must 
have  occurred.  Either  the  motor  fibres,  which  normally  carried  impulses  down 
the  tail,  now  convey  them  in  the  opposite  direction,  and  convey  them  to  sensory 
fibres  with  which  they  have  united ;  or  the  sensory  fibres,  which  normally  con- 
ducted impulses  from  the  tip  upwards,  now  carry  them  in  the  opposite  direction. 
If  the  former  were  actually  what  happened  it  would  show  that  nerve-fibres  of 
difierent  function  do  unite.  Beichert  asserts  that  he  has  succeeded  in  uniting  the 
hypoglossal  with  the  vagus  in  the  dog  ] 

Trophic  Centres. — The  regeneration  of  the  nerves  seems  to  take 
place  under  the  influence  of  the  nerve  centres,  which  act  as  their  nutri- 
tive, or  trophic  centres.  Nerves  permanently  separated  &om  these  centres 
never  regenerate. 

During  the  regeneration  of  a  mixed  nerve,  sensibility  is  restored  first, 
subsequently  voluntary  motion,  and  lastly,  the  movements  of  the  muscles, 
when  their  motor  nerves  are  stimulated  directly  (Schiflf,  Erb,  v. 
Ziemssen,  and  others). 

Walleiian  Method  of  Investigation* — As  the  peripheral  end  of  a  nerve 
undergoes  degeneration  after  section,  we  use  this  method  for  determining  the  course 
of  nerve-fibres  in  a  complex  arrangement  of  nerves.  The  course  of  special  nerve- 
fibres  may  be  ascertained  by  tracing  the  degeneration  tract  (WaUer,  Budge).  If 
after  section,  reunion  or  regeneration  of  a  motor  nerve  does  not  take  place,  the 
muscle  supplied  by  this  nerve  ultimately  undergoes  fatty  degeneration. 

5.  Certain  poisons,  such  as  veratrin,  at  first  increase  the  excitability 
of  the  nerves,  and  afterwards  abolish  it ;  with  some  other  poisons,  the 
abolition  of  the  excitability  passes  off  very  rapidly,  e.g.,  curara.  Conium, 
cynoglossum,  iodide  of  methylstrychnin,  and  iodide  of  sethylstrychnin 
have  a  similar  action. 

If  the  nerve  or  muscle  of  a  frog  be  placed  in  a  solution  of  the  poison,  we  obtain 
a  different  effect  from  that  which  results  when  the  poison  is  injected  into  the  body 
of  the  animal  Atropin  diminishes  the  excitability  of  a  nerve-muscle  prepara- 
tion of  the  frog  without  causing  any  previous  increase,  while  alcohol,  ether,  and 
chloroform  increase  and  then  diminish  the  excitability  (Monmisen). 

6.  ModiQring  Conditions. — Under  the  action  of  various  operations, 
e^g.y  compressing  a    nerve  [so  as  not  absolutely  to  sever  the  physio- 
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logical  continuity],  it  has  been  found  that,  voluntary  impulses  or 
stimuli  applied  above  the  compressed  spot,  give  rise  to  impulses  which 
are  conducted  through  the  nerve,  and  in  the  case  of  a  motor  nerve 
cause  contraction  of  the  muscles,  whilst  the  excitability  of  the  parts 
hehw  the  injured  spot  is  greatly  diminished  (Schiff).  In  a  similar 
manner,  it  is  found  that  the  nerves  of  animals  poisoned  with  COg, 
curara  or  coniin,  sometimes  even  the  nerves  of  paralysed  limbs  in  man, 
are  not  excitable  to  direct  stimuli,  while  they  are  capable  of  conducting 
impressions  coming  from  the  central  nervous  system  (Duchenne,  v. 
Ziemssen,  Erb). 

7.  Ritter-Valli  Law. — If  a  nerve  be  separated  from  its  centre,  or  if  the 
centre  dies,  the  excitability  of  the  nerve  is  increased)  the  increase 
begins  at  the  central  end,  and  travels  towards  the  periphery — tho 
excitability  then  falls  until  it  disappears  entirely.  This  process  takes 
place  more  rapidly  in  the  central  than  in  the  peripheral  part  of  tho 
nerve,  so  that  the  peripheral  end  of  a  nerve  separated  from  its  centre 
remains  excitable  for  a  longer  time  than  the  central  end. 

The  rapidity  of  the  transmission  of  impulses  in  a  nerve  is  increased  when  the 
excitability  is  increased,  bnt  it  is  lessened  when  the  excitability  is  diminished. 
In  the  latter  condition,  an  electrical  stimulus  must  last  longer,  in  order  to  be 
effective;  hence,  rapid  induction  shocks  may  not  produce  any  effect. 

The  law  of  contraction  also  undergoes  some  modification  in  the  different  stages 
of  the  changes  of  excitability  (§  336,  11.). 

8.  Excitable  Points. — Many  nerves  are  more  excitable  at  certain 
parts  of  their  course  than  at  others,  and  the  excitability  may  last  longer 
at  these  parts.  One  of  these  parts  is  the  upper  third  of  the  sciatic 
nerve  of  a  frog,  just  where  a  branch  is  given  off  (Budge,  Heidenhain). 

This  increased  excitability  may  be  due  to  injury  to  the  nerve,  in  preparing  it  for 
experiment.  After  section  or  compression  of  a  nerve,  all  electrical  currents 
employed  to  stimulate  the  nerve  are  far  more  active  when  the  direction  of  the 
current  parses  away  from  the  point  of  injury,  than  when  it  passes  in  the  opposite 
direction.  This  is  due  to  the  fact  that  the  current  produced  in  the  nerve  (§331,  5) 
after  the  lesion,  is  added  to  the  stimulation  current.  Even  in  intact  nerves- 
sciatic  of  a  frog  (v.  Fleischl) — where  the  nerve  ends  at  the  periphery  or  at  the 
centre,  or  where  large  branches  are  given  off,  there  are  points  which  behave  in 
the  same  way  as  those  points  where  a  lesion  has  taken  place  (Griitzner  and 
Moechner). 

Death  of  a  Nerve. — In  a  dead  nerve  the  excitability  is  entirely 
abolished,  death  taking  place  according  to  the  Ritter-Valli  law,  from 
the  centre  towards  the  periphery.  The  reaction  of  a  dead  nerve  has 
been  found  by  some  observers  to  be  acid  (p.  719). 

The  functionfl  of  the  brain  cease  inmiediately  death  takes  place,  while  the  vital 
functions  of  the  spinal  cord,  especially  of  the  white  matter,  last  for  a  short  time; 
the  lax^ge  nerve-tmnks  gradually  die,  then  the  nerves  of  the  extensor  muacles^ 
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those  of  the  flexors  after  3-4  hours;  whfle  the  sympathetic  fibres  retain  their  excita- 
bility longest,  those  of  the  intestine  even  for  10  hours  (Onimus)— compare  §  295. 
The  nerves  of  a  dead  frog  may  remain  excitable  for  several  days,  provided  the 
animal  be  kept  in  a  cool  place. 


Electro-physiology. 


Eefore  beginning  the  study  of  electro-physiology,  the  student  ought  to 
read  and  study  carefuUy  the  following  short  preliminary  remarks  on  the 
physics  of  this  question. 

326.  Physical  Preliminary  Statements— The 

Galvanic  Current. 

1*  Electro-motive  Force* — If  two  of  the  under-mentioned  bodies  be  brought 
into  direct  contact,  in  one  of  them  positive  electricity,  and  in  the  other  negative 
electricity,  can  be  detected.  The  cause  of  this  phenomenon  is  the  electro-motive 
force.  The  electro-motive  substances  may  be  arranged  in  a  series  of  the  first  claSB, 
so  that,  if  the  first-mentioned  substance  be  brought  into  contact  with  any  of  the 
other  bodies,  the  first  substance  is  negatively,  the  last  positively  electrified.  This 
series  is:  —  carbon,  platinum,  gold,  silver,  copper,  iron,  tin,  lead,  zinc-f-. 

The  amount  of  the  electro-motive  force  produced  by  the  contact  of  two  of  these 
T)odies  is  greater,  the  wider  the  bodies  are  apart  in  the  series.  The  contact  of  the 
bodies  may  take  place  at  one  or  more  points.  If  several  of  the  bodies  of  this 
series  be  arranged  in  a  pile,  the  electrical  tension  thereby  produced  is  just  as  great 
as  if  the  two  extreme  bodies  were  brought  into  contact,  the  intermediate  ones 
being  left  out. 

2.  The  nature  of  the  two  electricities  is  readily  determined  by  placing  one  of  the 
bodies  of  the  series  in  contact  with  a  fluid.  If  zinc  be  placed  in  pure  or  acidulated 
water,  the  zinc  is  +  (positive)  and  the  water  —  (negative).  If  copper  be  taken 
instead  of  zinc,  the  copper  is  +  but  the  fluid  —  .  Experiment  shows  that  those 
metals,  in  contact  with  fluid,  are  negatively  electrified  most  strongly  which  are 
most  acted  on  chemically  by  the  fluid  in  which  they  are  placed.  Each  such  com- 
bination affords  a  constant  difference  of  tension  or  potential  The  tension  [or 
power  of  overcoming  resistance]  of  the  amount  of  electricity  obtained  from  both 
bodies  depends  upon  the  size  of  the  surfisices  in  contact.  The  fluids,  e.g.,  the  solu- 
tions of  acids,  alkalies,  or  salts,  are  called  exciters  of  electricity  of  the  second 
class.  They  do  not  form  among  themselves  a  definite  series  with  different  tensions. 
When  placed  in  these  fluids,  the  metals  lying  next  the  +  end  of  the  above  series, 
especially  zinc,  are  most  strongly  electrified  negatively,  and  to  a  less  extent  those 
lying  nearer  the  —  end  of  the  series. 

3.  Galvanic  Battery. — If  two  different  exciters  of  the  first  class  be  placed  in 
fluid,  without  the  bodies  coming  into  contact,  e.g,,  zinc  and  copper,  the  pro- 
jecting end  of  the  (negative)  zinc  shows  free  negative  electricity,  while  the  free 
end  of  the  (positive)  copper  shows  free  positive  electricity.  Such  a  combination 
of  two  electromotors  of  the  first  class  with  an  electromotor  of  the  second  class  is 
called  a  galvanic  battery.    As  long  as  the  two  metals  in  the  fluid  are  kept  separate. 
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the  circnit  is  said  to  be  open,  but  as  soon  as  the  iS'ee  projecting  ends  of  the  metals 
are  connected  outside  the  fluid,  e.g»,  by  a  copper  wire,  the  circuit  or  current  is 
dosed^  and  a  gcUvame  or  eonttcaU  current  of  electricity  is  obtained. 

The  galvanic  ^cntrent  has  resistance  to  encounter  in  its  course,  which  is  called 
*'  conduction  resistance^  t^)>  It  is  directly  inx>portional :  1,  to  the  length  (Q  of  the 
circuit ;  2,  and  with  the  same  length  of  ekonit,  inversely  as  the  section  {q)  of  the 
same ;  and  3,  it  also  depends  on  the  molecular  properties  v£  the  xxmducting  mate- 
rial {specific  eondvetion  resistance's),  so  that  the  conduction  resistance,  Ws 
{S.l):q. 

Hie  resistance  to  conduction  increases  with  the  increase  of  the  temperature  of 
the  metals,  but  diminishes  under  similar  conditions  with  fluids. 

Ohm's  Law- — ^The  strength  of  a  galvanic  current  (S),  or  the  amount  of  elec- 
tricity passing  through  the  closed  circuit,  is  proportional  to  the  electro-motive 
force  (E)— or  the  electrical  tension,  but  inversely  proportional  to  the  total  resist- 
ance to  conduction  (L)— 

So  that  S=E  :  L  (Ohm's  Law,  1827). 

The  total  resistance  to  conduction,  however,  in  a  closed  circuit  is  composed  of — 
1,  The  resistance  outside  the  battery  (*'  extraordinary  resistance  ") ;  and  2,  the 
resistance  within  the  battery  itself  (*  'essential  resistance").  The  speciflc  resistance 
to  conduction  is  very  variable  in  different  substances :  it  is  relatively  small  in 
metals  (e,g.,  for  copper =1,  iron =6*4,  (German  silver =12),  but  very  great  in  fluids, 
(e.^.,  for  a  concentrated  solution  of  common  salt  6,515,000,  for  a  concentrated  solu- 
tion of  copper  sulphate  10,963,600).  It  is  also  very  great  in  animal  tissues,  almost  a 
million  times  greater  than  in  metals.  When  the  current  is  passed  transversely  to 
the  direction  of  the  fibres  of  a  muscle,  the  resistance  is  nearly  nine  times  as  great  as 
when  the  current  passes  in  the  direction  of  the  fibres  (Hermann)— a  condition  which 
disappears  in  rigor  mortis.  In  nerves,  the  resistance  longitudinally  is  two  and  a-half 
million  times  greater  than  in  mercury,  transversely  about  twelve  million  times  (Her- 
mann). According  to  Harless,  the  resistance  to  conduction  in  muscles  is  only  half 
as  great  as  that  in  nerves ;  but,  according  to  Ranke,  living  muscle  has  a  conducting 
power  twice  less  than  an  excised  muscle.  Tetanus  and  rigor  mortis  (du  Bois- 
Keymond)  diminish  the  resistance  in  muscle.  A  living  nerve  is  the  best  conductor 
of  electricity  amongst  animal  tissues  (M.  Benedikt) — compare  §  286. 

It  follows  from  Ohm's  law  that — L,  If  there  is  very  great  resistance  to  the 
current  outside  the  battery  \i.e,,  between  the  electrodes],  as  in  the  case  when  a 
nerve  or  a  muscle  lies  on  the  electrodes,  the  strength  of  the  current  can  only  be 
increased  by  increasing  the  number  of  the  electro-motive  elements.  IL  When, 
however,  the  extraordinary  resistance  is  very  small  compared  with  that  within  the 
battery  itself,  the  strength  of  the  current  cannot  be  increased  by  increasing  the 
number  of  the  elements,  but  only  by  increasing  the  surfaces  of  the  plates  in  the 
battery. 

Strength  and  Density.— We  must  carefully  distinguish  the  strength  {mteBBity) 
of  the  current  from  its  density.  As  the  same  amount  of  electricity  always  flows 
through  any  given  transverse  section  of  the  circuit,  then,  if  the  size  of  the  trans- 
verse section  of  the  circuit  varies,  the  electricity  must  be  of  greater  density  in  the 
narrower  parts,  and  it  is  evident  that  the  density  will  be  less  where  the  transverse 
section  is  greater.  Let  S = the  strength  of  the  current,  and  q  the  transverse  section 
of  the  given  part  of  the  circuit,  then  the  density  {d)  at  the  latter  part  is  (2=S  :  g. 

If  the  galvanic  current  passing  from  the  positive  pole  of  a  battery  be  divided 
into  two  or  more  streams,  which  are  again  reunited  at  the  other  pole,  then  the 
sum  of  the  strength  of  all  the  streams  is  equal  to  the  strength  of  the  undivided 
stream.  If,  however,  the  different  streams  are  different  as  regards  length,  sec- 
tion, and  material,  then  the  strength  of  the  current  passing  in  each  of  the  streams 
is  inversely  proportional  to  the  resistance  to  the  conduction. 

Du  BoiS'Reymond'B  Bheocord.— This  instrument,  constructed  on  the  prin- 
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ciple  of  tbe  '*  secondary  or  short  circuit,''  enables  us  to  graduate  the  strength  of  a 
galvanic  current  to  any  required  degree,  for  the  stimulation  of  nerve  and  muscle. 

From  the  two  poles  (Fig.  284,  a,  b)  of  a  constant  battery  there  are  two  con- 
ducting wires  (a,  c  and  d,  b),  which  go  to  the  nerve  of  a  frog's  nerve-muscle 
preparation  (F).     The  portion  of  nerve  (c,  d)  introduced  into  this  circuit  (a,  c,  d,  b) 

offers  very   great  resistance.     The  second 
stream  or    secondary    circuit  (a  A,  6  B) 
conducted  from  a  and  b  passes  through  a 
thick  brass  plate  (A,  B),  consisting  of  seven 
pieces  of  brass  (1-7)  placed  end  to  end,  but 
not  in  contact.     They  can  all,  with  the  ex- 
ception of  I  and  2,   be  made  to  form  a 
continuous   conductor,    by  placing   in  the 
spaces  between  them  the  brass  plugs  (Si  to 
Sfi).       Evidently,    with     the    arrangement 
shown  in  Fig.  2S4,  only  a  minimal  part  of 
the  current  will  pass  through  the  nerve  (c,  d) 
owing  to  the  very  great  resistance  in  it,  while 
by  f&r  the  greatest  part  will  pass  through  the 
good  conducting  medium  of  brass  (A,  L,  B). 
K  new  resistance  be  introduced  into  this 
circuit,  then  the  a,  c,  d,  b  stream  will  be 
strengthened.      This  resistance  can  be  in- 
troduced into  the  latter  circuit,  by  means 
of  the  thin  wires  marked  la,  lb,  Ic,  II, 
V,  X.     Suppose  all  the  brass  plugs  from 
Si  to  S5  to  be  removed,  then  the  current 
entering   at  A  must   traverse    the    whole 
system  of  thin  wires.     Thus,  there  is  more 
resistance  to  the  passage  of  this  current, 
so  that  the  current  through  the  nerve  must 
be  strengthened.     If  only  one  brass  plug 
be    taken    out,    then    the    current    i)asses 
through  only  the  corresponding  length  of 
wire.     The  resistances  offered  by  the  differ- 
ent lengths  of  wire  from  la  to  X  are  so 
arranged  that  la,  16,  and  Ic  each  represent 
a  unit  of  resistance;    II,  double;  V,  five 
tmies ;  and  X,  ten  times  the  resistance.     The  length  of  wire,  I  a,  can  also  be 
shortened  by  the  movable  bridge  (L)   [composed  of  a   suiall  tube  filled  with 
mercury,  through  which  the  wires  pass],  the  scale  (a:,  y)  indicating  the  length  of 
the  resistance  wires.     It  is  evident  that,  by  means  of  the  bridge,  and  by  the 
method  of  using  the  brass  plugs,  the  apparatus  can  be  graduated  to  yield  very 
variable  currents  for  stimulating  nerve  or  muscle.     When  the  bridge  (L)  is  pushed 
hard  up  to  1,  2,  the  current  passes  directly  from  A  to  B,  and  not  through  the  thin 
wires  (I,  a). 

The  rheostat  is  another  instrument  used  to  vary  the  resistance  of  a  galvanic 
current  [Wheatstone], 


Fig.  284. 

Scheme  of  du  Bois-Beymond's 
Bheocord. 


327.  Action  of  the  Galvanic  Current  on  a  Magnetic 

Needle— The  Galvanometer, 

In  1^20,  Oerstedt  of  Copenhagen,  found  that  a  magnetic  needle  suspended  in  the 
magnetic  meridian  was  deflected  by  a  constant  current  of  electricity  passed  along 
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a  wire  parallel  to  it.  [The  aide  to  which  the  north  pole  is  deflected  depends  upon 
the  direction  of  the  current,  and  whether  it  passes  aboire  or  below  the  needle.] 

Ampere's  Rale. — Ampere  has  given  a  simple  rule  for  determining  the  direction. 
If  an  observer  be  placed  parallel  to  and  facing  the  needle,  and  if  the  current  be 
passing  from  his  feet  to  his  head,  then  the  north  pole  of  the  needle  will  always  be 
deflected  to  the  leftt  and  the  south  pole  in  the  opposite  direction.  The  effect 
exerted  by  the  constant  current  acts  always  in  a  direction  towards  the  so-called 
electro-magnetic  plane.  The  latter  is  the  plane  passing  through  the  north  pole  of 
the  needle,  and  two  points  in  the  straight  wire  running  parallel  with  the  needle. 
The  force  of  the  constant  current,  which  causes  the  deflection  of  the  magnetic 
needle,  is  proportional  to  the  sine  of  the  angle  between  the  electro-magnetic  plane 
and  the  plane  of  vibration  of  the  needle. 

Maltiplicator  [or  Multiplier]* — ^The  deflection  of  the  needle  caused  by  the 
constant  current  may  be  increased  by  coiling  the  conducting  wire  many  times  in 
the  same  direction  on  a  rectangular  frame,  or  merely  around  and  in  the  same 
direction  as  the  needle,  [provided  that  each  turn  of  the  wire  be  properly  insulated 
from  the  other].  An  instrument  constructed  on  this  principle  is  called  a  multi- 
plier. The  greater  the  number  of  turns  of  the  wire  the  greater  is  the  angle  of 
deflection  of  the  needle,  although  the  deflection  is  not  directly  proportional,  as  the 
several  turns  or  coils  are  not  at  the  same  distance  from,  or  in  the  same  position 
as,  the  needle.  By  means  of  the  multiplier  we  may  detect  the  presence  [and  also 
the  amount  and  direction]  o{  feeble  currents.    [The  instrument  is  now  termed  a 

Oalvanometer.] 

Experience  has  shown  that,  when  great  resistance  (as  in  animal  tissues),  is 
opposed  to  the  weak  galvanic  currents,  we  must  use  a  very  large  number  of 
turns  of  thin  wire  round  the  needle.  If,  however,  the  resistance  in  the  circuit  is 
only  small— e.^.,  in  thermo-electrical  arrangements,  a  few  turns  of  a  thick  wire 
round  the  needle  are  sufficient. 

The  multiplier  may  be  made  more  sensitive  by  weakening  the  magnetic  directive 
Jorce  of  the  needle,  which  keeps  it  pointing  to  the  north. 

Galvanometer  and  Astatic  Needles.— In  the  multiplier  of  Schweigger,  used 

for  physiological  purposes,  the  tendency  of  the  needle  to  point  to  the  north  is 
greatly  weakened  by  using  the  astatic  needles  of  NobilL  [A  midtiplier  or  galvano- 
meter with  a  single  magnetic  needle,  always  requires  comparatively  strong  cur- 
rents to  deflect  the  needle.  The  needle  is  continually  acted  upon  by  the  directive 
magnetic  influence  of  the  earth,  which  tends  to  keep  it  in  the  magnetic  meridian, 
and  as  soon  as  it  is  moved  out  of  the  magnetic  meridian,  the  directive  action  of 
the  earth  tends  to  bring  it  back.  Hence,  such  a  simple  form  of  galvanometer  is 
not  sufficiently  sensitive  for  detecting  feeble  currents.  In  1827,  Nobili  devised  an 
astatic  combination  of  needles,  whereby  the  action  of  the  earth's  magnetism  was 
diminished.]  Two  similar  magnetic  needles  are  united  by  a  solid  light  piece  of 
horn  [or  tortoise  shell],  and  are  so  arranged  that,  the  north  pole  of  the  one  is  placed 
over  or  op^tosite  to  the  south  pole  of  the  other  (Fig.  285).  [If  both  needles  are 
equally  magnetised,  then  the  earth's  influence  on  the  needle  is  neutralised,  so  that 
the  needles  no  longer  adjust  themselves  in  the  magnetic  meridian;  hence,  such  a 
system  is  called  a^aiic,]  As  it  is  impossible  to  make  both  needles  of  absolutely 
equal  magnetic  strength,  one  needle  is  always  stranger  than  the  other.  The  dif- 
ference, however,  must  not  be  so  great,  that  the  stronger  needle  points  to  the  north, 
but  only  that  the  freely  suspended  system  of  needles  forms  a  certain  angle  with 
the  magnetic  meridian,  into  which  position  the  system  always  swings  after  it  is 
deflected  from  tUs  position.  This  angular  deviation  of  the  astatic  system  towards 
the  magnetic  meridian  is  called  the '  *  free  deviation. '*  The  more  perfectly  an  astatic 
condition  is  reached,  the  nearer  the  angle  formed  by  the  direction  of  the  free  deviation 
with  the  magnetic  meridian  becomes  a  right  angle.  The  greater,  therefore,  the  astatic 
condition,  the  astatic  system  will  make  the  Uwm:  vibcationsin  a  given  time,  after 
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The  dnntioD  of  each  liogle  vflmtim  ia 
oe,  when  lumg  &  galTuomster,  and  adinatiiig  ita  needle  to 
bi  dviM  abont  or  move  quickly,  then  the  lyitem  ia  not  aeiuitive, 
bat  a  WBuitiTe  oondilioa  of  the  neodlea  ia  indicated  by  a  alow  period  of  oBciUation.] 
Id  mftUng  a  galTanometer,  the  tmiu  of  the  wiia  mnrt  hare  the  same  directioD  aa 
the  needlca.  Id  Nobili'i  galvanometer,  m  improved  by  do  Bme-Beymond,  the 
Dpper  needle  awiDga  abom  a  card  divided  into  degree*  (Fig.  285),  od  which  the 
extent  of  it«  deflectioD  may  be  re«d  o£  Even  the  pnreat  copper  wire  naed  for 
the  coil«  lODod  the  oeedlei  always  coataioa  a  trace  of  iroD,  which  exerta  an  in- 


Fif;.  283. 

Schemeof  the  galvanometer  for  inreetigatiog  electrical  ciirt«nta  inmoscle — N,  N, 
astatic  pair  of  needles  Bntpended  by  the  eilk  fibre,  Q;  P,  P,  non-polariaable 
electrodes,  containing  zinc  snlpbate  solntion,  «,  and  pads  of  blotting  psper,  b, 
covered  with  clay,  t,  t,  od  which  the  moicle,  M,  is  placed;  II  and  III,  arrange- 
mente  of  tbe  tntude  on  the  electrodes ;  IV,  non-poIariMble  electrodes;  Z,  zinc 
wire;  S,  corh;  a,  one  salphate  solution;  t,t,  day  points. 

flnence  npon  the  needles.  Hence,  a  small,  fixed,  directive  or  compensatory  magnet 
(r)  is  placed  near  one  of  the  poles  of  the  upper  needle  to  compensate  for  the  action 
of  the  iron  on  tbe  needles. 


328.  Electrolysis. 


XlMtrolyai*.— Eveiy  galvanic  cnrrent  which  travenes  a  Said  oonductor  oansea 
decompcdtioD  or  deetrolytu  of  the  finid.  The  decomposition  prodncte,  called  ioru, 
accumulate  at  the  potei  {dectroda]  in  tbe  fluid,  the  positive  pole  (  +  )  being  called 
the  anodt  [ari,  ap,  Hit,  a  way],  the  negative  pole  ( - )  the  txithode  (lorit,  down, 
Hit,  a  way).     The  aitioiu  accumulate  at  the  anode  and  the  iationi  at  the  csthode. 

Traniition  Beciataoce. — When  the  decompcaitioD  products  acconinlate  upon 
tbe  electrodes,  by  their  preience  they  eitbei  increase  or  dinunish  the  resistance  to 
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the  electrical  current.  This  is  called  iranntion  resutance.  If  the  resistanoe  within 
the  battery  is  thereby  increased,  the  transition  resistance  is  said  U>hepo8iHve;  if 
diminished,  negative. 

Ofllvanic  Polarisation. — The  ions  accnmnlated  on  the  electrodes  may  also 
vary  the  strength  of  the  carrent,  by  developing  between  the  anions  and  kations  a 
new  galvanic  current,  jnst  as  occurs  between  two  different  bodies  connected 
by  a  flnid  medium.  This  phenomenon  is  called  galvanic  polarisatian.  Thus, 
when  water  is  decomposed,  the  electrodes  being  of  platinimi,  the  oxygen 
(negative)  accumulates  at  the  +  pole,  and  the  hydrogen  (positive)  at  the  ~  pole. 
XJsuaUy  the  polarisation  current  has  a  direction  opposite  to  the  original  current; 
hence^  we  speak  of  negative  polarisation.  When  the  two  currents  have  the  same 
direction,  positive  polarisation  obtains. 

Of  course  transition  resistance  and  polarisation  may  occur  together  during 
electrolysis. 

Test.— Polarisation,  when  present,  may  be  so  slight  as  not  to  be  visible  to  the 
eye,  but  it  may  be  detected  thus :  After  a  time  exclude  the  primary  source  of  the 
current,  especially  the  element  connected  with  the  electrodes,  and  place  the  free 
projecting  end  of  the  electrodes  in  connection  with  a  galvanometer,  which  will  at 
once  indicate  by  the  deflection  of  its  needle  the  presence  of  even  the  slightest 
polarisation. 

Secondary  Becomip08ition8.~The  ions  excreted  during  electrolysis  cause, 
especially  at  their  moment  of  formation,  secondary  deconipositions.  With  platinum 
electrodes  in  a  solution  of  common  salt,  chlorine  accumulates  at  the  anode  and 
sodiimi  at  the  cathode,  but  the  latter  at  once  decomposes  the  water,  and  uses  the 
oxygen  of  the  water  to  oxidise  itself,  while  the  hydrogen  is  deposited  secondarily 
upon  the  cathode. 

The  amount  of  polarisation  increases,  although  only  to  a  slight  extent,  with  the 
strength  of  the  current,  while  it  is  nearly  proportional  to  the  i9icr€a8e  of  tlte  tem- 
perature. 

The  attempts  to  get  rid  of  polarisation,  which  obviously  must  very  soon  alter 
the  strength  of  the  galvanic  current,  have  led  to  the  discovery  of  two  important 
arrangements,  viz.,  to  the  construction  of  constant  galvanic  batteries 
(Beoquerel),  and  the  so-called  non-polarisable  electrodes  (du  Bois-Reymond). 

Constant  Batteries,  Elements,  or  Cells.— A  perfectly  constant  element 

produces  a  constant  current,  i.e.,  one  remaining  of  equal  strength  by  the  ions  pro- 
duced by  the  electrodes  being  got  rid  off  the  moment  they  are  formed,  so  that  they 
cannot  give  rise  to  polarisation.  For  this  purpose  each  of  the  substances  from  the 
tension  series  (p.  732)  used,  is  placed  in  a  spedal  fluid;  both  fluids  being  separated 
by  a  porous  septum  (porcelain  cylinder). 

Grove's  element  l^as  two  metals  and  two  fluids  (Fig.  286).  The  zinc  is  in  the 
form  of  a  roll  placed  in  dilute  sulphuric  acid  [1  acid  to  7  of  water,  which  is  con- 
tained in  a  glass,  porcelain,  or  ebonite  vessel].  The  platinum  is  in  contact  with 
strong  nitric  acid  [which  is  contained  in  a  porous  cell  placed  inside  the  roll  of  zinc]. 
The  O,  formed  by  the  electrolysis  and  deposited  on  the  zinc  plate,  forms  zinc  oxide, 
which  is  at  once  dissolved  by  the  sulphuric  acid.  The  hydrogen  on  the  platinum 
unites  at  once  with  the  nitric  acid,  which  gives  up  O  and  forms  nitrous  acid  and 
water,  thus — 

[Ha  +  HNOs=HNOa+HaO.] 

[Platinum  is  the  +  pole,  and  zinc  the  - .] 

[Grove's  battery  is  very  powerful,  but  the  nitrous  fumes  are  very  disagreeable 
and  irritating;  hence,  these  elements  should  be  kept  in  a  special,  well- ventilated, 
recess  in  the  laboratory,  in  an  evaporating  chamber,  or  under  glass.  The  fumes, 
also  attack  instruments.] 
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Ihuiira's   element   ^  qnita  liinikr  to  Grove's,   onl^  t,  piece  of  oomprtmwtd 
CArbon  IB  nibatitiited  for  the  platinntii  in  coatact  with  the  nitric  acid. 
[The  carboD  is  the  +  pole,  the  dne  -.] 

Daniell'l  Element  [1836].— [it  cousiBta  of  an  outer  TCBBd  of  gUu  or  Mtth«n- 
ware,  and  BometiineB  of  metallic  copper,  tilled  with  a  aatiirated  aolation  of  cn|)ric 
salphate.  A  roll  of  copper,  perforated  with  a  few  holes,  is  placed  in  the  copper  solu- 
tion, and  in  order  that  the  latter  be  kept  satorated,  and  to  supply  the  place  of  the 
copper  used  up  by  the  battery  vhen  in  action,  there  is  a  sioall  shelf  on  the  copper 
roll,  on  which  are  placed  crystals  of  cnpric  salphate.  A  poroas  earthenware  Teasel 
ooulsining  sine  in  cootAct  with  dilate  solphuric  add  (1 : 7)  is  placed  within  the 
«opper  cylinder.     When  the  circuit  is  completed,  t^e  ana  is  acted  on,  zinc  aolphata 


Fig.  286.  Fig.  237. 

Large  Grove's  Element.  Grennet's     Element-A.     the    gUsi 

TesMl;  K,  K,  carbon;  Z,  zinc; 
D,  £,  tupiling  screw  tor  the  wires ; 
B,  rod  to  nuse  or  depress  the  zinc  in 
the  fluid ;  Q,  screw  to  fix  B. 

being  formed,  and  hydrogen  liberated.  The  hydrogen  in  statn  UMcendi  passe* 
through  the  porous  cell,  rednces  the  ciipric  stilphate  to  metallic  coppm',  which  is 
precipitated  on  the  copper  cylinder,  so  that  the  latter  is  always  kept  bright  and 
clean.  The  liberated  sulphuric  acid  replaces  that  in  contact  with  the  sine.  Owing 
to  the  absence  of  polarisation,  the  Daniell  is  one  of  the  moat  constant  batteries,  and 
is  generally  taken  as  a  stsndard  of  comparison.] 

[The  copper  is  the  -(-  pole,  anc  the  - .] 

[Smee'sinement-— There  is  only  one  fluid,  viz.,  dilute  sulphnrioMid  (1:7).  in 
which  the  two  metals,  anc  and  platinum,  or  dno  and  platinised  silver,  are  plawd. 

The  platinum  is  the  +  pole,  and  zinc  tbe  -  ]. 
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[Qrennat'Si  or  tlie  Bichromate  Element, — It  convsts  of  one  pUte  of  ana  and 

two  platei  of  compreued  cftrbon  in  a  flnid,  which  comiBta  of  bichromate  of 
poUah,  ■□Iphnria  acid,  and  water.  The  Said  oomuta  of  1  part  of  potasdniu 
Uohromate  dissolved  In  8  parts  of  water,  to  which  1  p»rt  of  sulphnrio  add  is 
added.     Metunre  by  KCiglU]. 

[The  cell  consist*  of  a  wide-mouthad  glass  bottle  (Pig.  3S7);  the  carbons  remain  in 
-de  fluid,  while  the  ana  can  be  raised  or  depressed.  When  not  in  action,  the  ano, 
which  is  attached  to  a  rod  {B),  is  lifted  ont  of  the  flnid,  and  hencs  this  battery  is 
Tsry  oonvenient  for  pnrpows  of  demonetration,  althongh  it  is  not  a  very  constant 
battery.  When  in  action,  the  xinc  is  act«d  on  by  the  snlphurio  acid,  hydrogen 
bebg  liberated,  which  redncea  the  bichromate  of  potash. 

The  carbon  is  the  +  pole,  and  the  zinc  the  -  ]. 
LecIsnoU  Element  (Fig.   288)  consists  of  an  enter  gloss  vMsel  contuning 


Fig.  288. 

I^cUnchl's  Element — A,  ooter  vessel ;  T,  porons  cylinder,  conttuning  K,  carbon  - 

B,  binding  screw ;  Z,  zinc ;  C,  binding  screw  of  negative  pole. 

zinc  in  a  solution  of  ammoninm  chloride,  while  the  porons  cell  contains  compressed 
carbon  in  a  fluid  nuxtnre  of  black  oxide  of  manj^ese  and  carbon.  It  is  most 
frequently  nsed  (or  electric  bella,  as  its  feeble  current  lasts  for  a  long  time. 

The  carbon  is  the  +  pole,  and  the  zinc  the  -  ]. 

IToiL-pOlaruable  Electrodes.— If  a  constant  current  be  applied  to  moist 
animal  tissues,  e.g.,  nerve  or  muscle,  by  means  of  ordinary  electrodes  composed 
either  of  copper  or  platinum,  of  coarse  electrolysis  must  occur,  and  En  consequence 

15 
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•  plaeft  In  ordor  to  avoid  tint,  n»n-ppt»ritable  «leatn)dM 
(Il£&  989  and  289)  an  OMd.  ThareseMrehM  of  Begnanlt,  Matteocd,  anddnBtH^ 
Rajmond  bare  jnvvtd  tliat,  aacfa  eleotrodsa  can  be  made  by  taking  two  yiegia  of 


Non-polariMble  electrode  of  Hu  Boia-ReymoDd— Z,  one ;  H,  movable  Eapport  ; 
C,  clay  point — the  whole  on  a  aniverMl  joint  (Elliott  Brothen). 

corefnlly  amalgamated  pure  zinc  wire  (z,  z),  and 
dippng  tbeae  in  a  saturated  aolution  of  zintx 
aul^lukte  contained  in  tul>eB  (a,  a),  their  lower 
MiAi  being  cloaed  by  means  of  modeller's  clay 
{t,  Oi  nuatoned  with  O'd  per  cent,  nonnol  aaline 
■ofaitioiL  The  contact  of  the  tiisuea  with  these 
uiwAt'uJci  doet  not  give  rise  to  polarity. 

Imng^emflnt  for  the  Unicle-  or  Nerve- 

Cimnt.— In  order  to  investigate  the  electrical 
esiTenta  of  nerve  or  mnacle,  the  tiasue  mast  be 
piboed  on  nott-poUriaable  electrodes,  which  may 
either  have  the  fbrmdeacribed  above,  or  the  original] 
fiinnnaedbydnBoia'B«ymoiid(Fig.2S5).  Thelaat 
Moaiata  of  two  dnc  trongha  (p,  p)  thoronghly  amal- 
gamated inaide,  inaulated  on  vnlcanite,  and  filled 
with  a  saturated  eolation  of  due  sulphate  (a,  »). 
In  each  trongh  is  placed  a  thick  pad  or  cuahion 
of  white  blotting  paper  (b,  b]  aatnrated  with  the 
tame  fluid  Ideriving  auhiatu].  [The  cuahions  con- 
aiat  of  many  layers,  almost  aofficient  to  fill  the 
trongb,  and  they  are  kept  together  by  a  thread. 
To  prevent  the  action  of  the  nnc  sulphate  upon 
the  tiaane,  each  coahton  ia  covered  with  a  thin 
l^rar  of  modeller'a  clay  (I,  t),  moistened  with  O'S 
percent,  saline  solutioE,  which  ia  a  good  conductor 
[dajl  guard].  The  cUy  guard  preventa  the  action 
of  the  solution  apon  the  tisane.  Connected  with 
the  eleotrodea  are  a  pair  of  bindicg  acrews,  where- 
by the  apparatoa  ia  connected  with  the  galvano- 
meter (Fig.  285).] 

[Reflecting  GalTanometer-— The  form  of 

galvanometer  now  need  in  this  country  for  physio- 
logical purposes,  ia  that  of  Sir  William  Thomaon 
(Fig.  290),  In  Germany,  Wiedemuuk'a  form  i» 
more  commonly  naed.    In  Tbomaon'a  inatrumant. 


Fig.  290. 
Sir  William  Thomaon'a  r 
fleeting  galvanometer  —  i 
upper,  2,  lower  coil;  t, 
levelling  acrewa ;  m,  maj 
net  on  a  braaa  support, 
(Elliott"      " 
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tba.  aatktio  ueedlei  am  very  li^t,  and  connected  to  wwli  aOtm  >y  •  piac«  of 
ajnmininm,  and  each  let  of  needles  ii  nurcKuuled  by  a  npaiata  eofl  of  wire,  tka 
lofrer  ooil  (Q  wituUng  ia  a  direction  opposite  to  that  of  tlte  upper  (i^.  A  MaaH 
round,  li^it,  ilightlj  ooneaTe  mirror  ii  fixed  to  the  oppet  set  sf  >eadlea.  n*. 
needlee  are  etupended  by  a  delicate  nlh  fibril,  and  they  can  be  raieed  or  loweted 
aa  required  by  meana  of  a  Bnall  milled  head.  Whan  the  milled  head  il  raiaed,  the 
qmtam  irf needle*  swing*  freely.  The  eoHs  are  protected  bya  (^aaa  Aada,  and  the 
whole  atanda  on  a  Tolcanite  baae,  which  ii  levdled  by  three  acmn  («,  *).  On  a 
brass  rod  [£)  ii  a  feeble  magnet  [m),  which  is  used  to  give  an  aitifidial  mnrirti^. 
TIw  magnet  (m)  can  be  raised  or  lowered  by  meani  of  a  milled  bead]. 

dABip  and  Scale. — Whentheinttnuiientiatobenaed,  pUoeit  eothat  theetab 
&oa  Mat  and  weat.  At  three  feet  distant,  from  the  fKmt  of  tlia  galvanometer, 
fiMnng  wiat,  i*  pls««d  the  lamp  and  icaie  (Fie.  291).     There  ia  a  iMall  rertical  dit 


inhvfltof  tbelamp,  and  the  image  of  tiiia  slip  ia  projected  <o  the  mirror  attached 
to  the  Dpper  needles,  and  by  it  is  reflected  on  to  the  paper  soak  fixed  juat  abore 
the  slit.  The  spot  of  light  i«  foeossed  at  lero  I7  me*Dt  o(  the  magnet  m.  The 
needle*  are  most  sensitive  when  the  oacillatione  occor  slowly.  The  sensitiveneee  of 
the  needles  can  be  regulated  by  roeans  of  the  magnet.  In  every  cose  the  instm- 
ment  must  be  qnit«  level,  and  for  this  purpose  there  is  a  small  spirit-level  in  the 
base  of  the  galvanometer.] 

[S&IUlt. — Aa  the  galvanometer  is  very  delicate,  it  is  convenient  to  have  a  shunt 
to  regulate  to  a  certain  extent  the  amount  of  electricity  transmitted  through  the 
galvanometer.  The  shnnt  (Fig.  292)  consists  of  a  brass  box  contusing  coils  of 
German  silver  wire,  and  is  constructed  00  the  same  principle  as  resistance  coils  or  the 
riieoeord  (p.  734).  On  the  upper  aurfoce  of  the  box,  are  several  {dates  of  brass  sepa- 
rated from  each  other,  like  those  ofthe  rheocord,  but  which  can  be  united  by  Iobbs 
plugs.  The  two  wires  coming  from  the  electrodes  are  connected  with  the  two 
binding  screws,  and  from  the  latter,  two  wiree  are  led  to  the  two  outer  binding 
screws  of  the  galvanometer.  By  placing  a  plug  between  the  brass  plates  attached 
to  the  two  binding  screws  in  the  figure,  the  current  is  short- oircnited.  On  re- 
moving both  plugs,  the  whole  ofthe  current  must  pass  through  the  galTMiometer.  If 
one  plug  be  placed  between  the  central  disc  of  braas  and  the  plate  marked  i  (the 
other  being  left  out),  then  ^th  of  the  current  goes  through  the  galv*>ometer  aad 
-Atha  to  the  electrodes.  If  the  plug  be  placed  as  ehown  in  the  ^re  oppoeite  A, 
then  rHth  part  of  the^curr^it  goes  to  the  galvanometer,  while  i^ths  are  sbort- 
oircuited.  If  the  plug  be  plaeed  oppodte  ^l,,  only  y^'otth  part  gow  tknnigh  the 
galvanometer.] 


742  POLARISATION  AND  SEOONDABY  RESISTANCE. 

Intemal  PolarisatiiXII  of  Moist  Bodies* — ^Nerves  and  muscular  fibres,  the 
juicy  parts  of  vegetables  and  animals,  fibrin,  and  other  similar  bodies  possessing  a 
porous  structure  filled  with  fluid,  exhibit  the  phenomena  of  polarisation  when  sub- 
jected to  strong  currents  *a  condition  termed  internal  polarisation  of  moist  bodies 
by  du  Bois-Reymond.  It  is  assumed  that  the  solid  parts  in  the  interior  of  these 
bodies,  which  are  better  conductors,  produce  electrolysis  of  the  adjoining  fluid, 
just  like  metals  in  contact  with  fluid.  The  ions  produced  by  the  decomposition  of 
the  internal  fluids  give  rise  to  differences  of  potential,  and  thus  cause  internal 
polarisation  (§  333). 

Cataphoric  Action* — If  the  two  electrodes  from  a  galvanic  battery  be  placed 
in  the  two  compartments  of  a  fluid,  separated  from  each  other  by  a  porous  septum, 
we  observe  that  the  fluid  particles  pass  in  the  direction  of  the  galvanic  current,  from 
the  +  to  the  -  pole,  so  that  after  some  time,  the  fluid  in  the  one  half  of  the 
vessel  increases,  while  it  diminishes  in  the  other.  The  phenomenon  of  direct 
transference  was  called  by  du  Bois-Reymond  the  cataphoric  action  of  the  con- 
stant current.  The  introduction  of  dissolved  substances  through  the  skin  by  means 
of  a  constant  current  depends  upon  this  action  (§  290),  and  so  does  the  so-called 
Porret's  phenomenon  in  living  muscle  (§  293,  I.,  6). 

External  Secondary  Resistance*— ^Hiis  condition  also  depends  on  cata- 
phoric action.  If  each  of  the  copper  electrodes  of  a  constant  battery  be  placed  in 
a  vessel  filled  with  a  solution  of  cupric  sulphate,  and  from  each  of  which  there 
projects  a  cushion  saturated  with  this  fluid,  then,  on  placing  a  piece  of  muscle, 
cartilage,  vegetable  tissue,  or  even  a  prismatic  strip  of  coagulated  albumin,  across 
these  cushions,  we  observe  that,  very  soon  after  the  circuit  is  closed,  there  is  a 
considerable  variation  of  the  current.  If  the  direction  of  the  current  be  reversed, 
it  first  becomes  stronger,  but  afterwards  diminishes.  By  constantly  altering  the 
direction  of  the  current  we  cause  the  same  changes  in  the  intensity.  If  a  prismatic 
strip  of  coagulated  albumin  is  used  for  the  experiment,  we  observe  that  simul- 
taneously with  the  enfeeblement  of  the  current,  in  the  neighbourhood  of  the  + 
pole,  the  albumin  loses  water  and  becomes  more  shrivelled,  while  at  the  -  pole 
the  albamin  is  swollen  up  and  contains  more  water.  If  the  direction  of  the 
current  be  altered,  the  phenomena  are  also  changed.  The  shrivelling  and  re- 
moval of  water  in  the  albumin  at  the  positive  pole  must  be  the  cause  of  the 
resistance  in  the  circuit,  which  explains  the  enfeeblement  of  the  galvanic  current. 
This  phenomenon  is  called  '*  external  secondary  resistance"  (du  Bois-Reymond). 


329.  Induction— Extra  Current— Unipolar  Induction 

Action— Magneto-Induction. 

Indnotion  of  the  Extra  Current. — If  a  galvanic  element  is  closed  by  means  of 
a  short  arc  of  wire,  at  the  moment  the  circuit  is  again  opened  or  broken,  a  digJU 
spark  is  observed.  If,  however,  the  circuit  is  closed  by  means  of  a  very  long  wire 
rolled  in  a  coil,  then  on  breaking  the  circuit  there  is  a  strong  spark.  If  the  wires 
be  connected  with  two  electrodes,  so  that  a  person  can  hold  one  in  each  hand, 
so  that  the  current  at  the  moment  it  is  opened  must  pass  through  the  person's 
body,  then  there  is  a  violent  shock  communicated  to  the  hand.  This  phenomenon 
is  due  to  a  current  induced  in  the  long  spiral  of  wire,  which  Faraday  called 
the  extra  current.  This  is  caused  thus  : — When  the  circuit  is  closed  by  means  of 
the  spiral  wire,  the  galvanic  current  passing  along  it  excites  an  electric  current  in 
the  adjoining  coils  of  the  same  spiral.  At  the  moment  of  closing  or  making  the 
circuit  in  the  spiral,  the  induced  current  is  in  the  opposite  direction  to  the  galvanic 
current  in  the  circuit;  hence,  its  strength  is  lessened,  and  it  causes  no  shock.    At 
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the  moment  of  opening,  however,  the  induced  current  has  the  same  direction  as 
the  galvanic  stream,  and,  hence,  its  action  is  strengthened. 

Magnetisation  of  Iron*— n  a  rod  o/aq/t  iron  be  placed  in  the  cavity  of  » 
spiral  of  copper  wire,  then  the  soft  iron  remains  magnetic  as  long  as  a  galvanic 
current  circulates  in  the  spiraL  If  one  end  of  the  iron  rod  be  directed  towards 
the  observer,  the  other  away  from  him,  and  if,  further,  the  positive  current 
traverses  the  spiral  in  the  same  direction  as  the  hands  of  a  dock,  then  the  end  of 
the  magnet  directed  towards  the  person  is  the  negative  pole  of  the  magnet.  The 
power  of  the  magnet  depends  upon  the  number  of  spiral  windings  and  on  the 
thickness  of  the  iron  bar.  As  soon  as  the  current  is  opened,  the  magnetism  of  the 
iron  rod  disappears. 

Indnoed  or  Faradio  Current* — ^  ^  ^^^  lo^g  insulated  wire  be  coiled  into  the 
form  of  a  spiral  roll,  which  we  may  call  the  wcandary  spircU,  and  if  a  similar  spiral, 
the  primary  spiral,  be  placed  near  the  former,  and  the  ends  of  the  wire  of  the 
primary  spiral  be  connected  with  the  poles  of  a  constant  batteiy,  every  time  the 
current  in  the  primary  circfdt  is  made  (closed),  or  broken  (opened),  a  current  takes 
place,  or,  as  it  is  said,  is  induced  in  the  secondary  spiraL  If  the  primary  circuit 
be  kept  closed,  and  if  the  secondary  spiral  be  brought  nearer  to  or  removed  further 
from  the  primary  spiral,  a  current  is  also  induced  in  the  secondary  spiral  (Faraday, 
1832).  The  current  in  the  secondary  circuit  is  called  the  induced  or  Faradic 
current.  When  the  primary  circuit  is  closed,  or  when  the  two  spiraU  are  brought 
nearer  to  each  other,  the  current  in  the  secondary  spiral  has  a  direction  opposite 
to  that  in  the  primary  spiral,  while  the  current  produced  by  opening  the  primary 
circuit,  or  by  removing  the  spirals  further  apart,  has  the  same  direction  as  the 
primary.  During  the  time  the  primary  circuit  is  closed,  or  when  both  spirals 
remain  at  the  same  distance  from  each  other,  there  is  no  current  in  the  secondary 
spiral. 

Difference  between  the  Opening  and  Closing  Shocks.— The  opening 

[break]  and  closing  [make]  shocks  in  the  secondary  spiral  are  distinguished  from  each 
other  in  the  following  respects  (Fig.  293):— The  amount  of  electricity  is  the  same 
during  the  opening  as  during  the  closing  shock,  but  during  the  opening  shock,  the 
electricity  rapidly  reaches  its  maximum  of  intensity  and  lasts  but  a  short  time, 
while  during  the  closing  shock,  it  gradtuiUy  increases,  but  does  not  reach  the  same 
high  maximum,  and  this  occurs  more  slowly.  [In  Fig.  293,  Px  and  So  are  the 
abscissae  of  the  primary  (inducing)  and  induced  currents  respectively.  The  vertical 
Hues  or  ordinates  represent  the  intensity  of  the  current,  while  the  length  of  the 
abscissa  indicates  its  duration.  The  curve,  1,  indicates  the  course  of  the  primary 
current,  and  2,  that  in  the  secondary  spiral  (induced)  when  the  current  is  closed^ 
while  at  I,  the  primary  current  is  suddenly  opened,  when  it  gives  rise  to  the 
induced  current,  4,  in  the  secondary  spiral.]  The  cause  of  this  difference  is  the 
following: — When  the  primary  circuit  is  closed,  there  is  developed  in  it 
the  extra  current,  which  is  opposite  in  direction  to  the  primary  current. 
Hence,  it  opposes  considerable  resistance  to  the  complete  development  of  the 
strength  of  the  primary  current,  so  that  the  current  induced  in  the  secondary 
spiral  must  also  develop  slowly.  But  when  the  primary  spiral  is  opened,  the  extnk 
current  in  the  latter  has  the  same  direction  as  the  primary  current — ^there  is  no 
extra  resistance.  The  rapid  and  intense  action  of  the  opening  induction  shock  is 
of  great  physiological  importance. 

Opening  Shock.— [On  applying  a  single  induction  shock  to  a  nerve  or  a 
muscle,  the  efifect  is  greater  with  the  opemng  shock.  If  the  secondary  spiral  be 
separated  from  the  primary,  so  that  the  induced  currents  are  not  sufficient  to 
cause  contraction  of  a  muscle  when  applied  to  its  motor  nerve,  then,  on  gradually 
approximating  the  secondary  to  the  primary  spiral,  the  opening  shock  will  cause 
a  contraction  before  the  closing  one  does  so.] 

HelniholtZ*8  Modification.— Under  certain  circumstances,  it  is  desirable  to 
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•qnaUsetlie  openiDg  and  doring  shocks.  This  may  be  done  by  greatly  weakening 
the  extra  current,  whioh  may  be  accomplished  by  making  the  primary  spiral  of 
4ialy  a  few  ooals  of  wire.  V.  flelmholtz  accomplishes  the  same  result  by  intro- 
dnoing  a  secondary  drcnit  into  the  primary  cnrrent.  By  this  airangement,  the 
owrant  in  the  primary  spiral  neyer  completely  disappears,  but,  by  alternately 
tkmag  and  opening  this  secondary  circuit  where  the  resistanoe  is  much  less,  it  is 
altfrnntfTy  weakened  and  strengthened. 


Fig.  293. 

Scheme  of  the  induced  currents — Pi, 
abscissa  of  the  primary,  So»  abscissa  of 
the  secondary  current ;  A,  beginning, 
and,  £,  end  of  the  inducing  current; 
1,  curve  of  the  primai-y  current  weak- 
ened by  the  extra  current;  3,  where 
the  primary  current  is  broken  or 
opened;  2  and  4,  corresponding  cur- 
rents induced  in  the  secondary  spiral; 
Ps,  height,  if.,  the  strength  of  the 
constant  inducing  current  during  Helm- 
holtz's  modification;  5  and  7,  the  curve 
of  the  inducing  current  when  it  is 
opened  and  closed  during  Helmholtz*s 
modification ;  6  and  S,  the  correspond- 
ing currents  induced  in  the  secondary 
circuit. 


Fig.  294. 

Helmholtz's  modification  of  Neef's 
hammer.  As  long  as  c  is  not 
in  contact  with  d,  g  h  remains 
magnetic;  thus  c  is  attracted  to 
d,  and  a  secondary  cironit,  a,  hy 
Cy  d,  f,  is  formed;  e  then  springs 
back  again,  and  thus  the  process 
goes  on.  A  new  wire  is  intro- 
duced to  connect  a  with  /.  K, 
battery. 


[In  Fig.  294,  a  wire  is  introduced  between  a  and  /,  while  the  binding  screw,  /,  is 
separated  from  the  platinum  contact,  c,  of  Neef  s  hammer,  but,  at  the  same  time, 
the  screw,  d,  is  raised  so  that  it  touches  Neefs  hammer.  The  current  passes  from 
the  battery,  K,  through  the  pillar,  a,  to  /in  the  direction  of  the  arrow,  through 
the  primary  spiral,  P,  to  the  coil  of  soft  wire,  </,  and  back  to  the  battery,  through 
h  and  e.   But  g  is  magnetised  thereby,  and  when  it  is  so,  it  attracts  c  and  makes  it 

'  touch  the  screw,  d.  Thus  a  secondary  circuit,  or  short  circuit,  is  formed  through 
a,  6,  c,  df  e,  which  weakens  the  current  passing  through  the  electro-magnet,  g,  so 

'  that  the  elastic  metallic  spring  flies  up  again  and  the  current  through  the  primary 
spiral  is  long  circuited,  and  thus  the  process  is  repeated.  In  Fig.  293  the  lines  1 
and  7  indicate  the  course  of  the  current  in  the  primary  circuit  at  closing  (a),  and 
opening  (e).  It  must  be  remembered  that  in  this  arrangement  there  is  always  a 
cnrrent  passing  through  the  primary  spiral,  P  (Fig.  294).  The  dotted  lines,  6  and 
8  above  and  below  So,  represent  the  course  of  the  opening  (a)  and  closing  shocks 
(e)  in  the  secondary  spiral.     Even  with  this  arrangement,  the  opening  is  still 
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^ligfatly  stronger  than  the  closing  shock.]  The  two  shocks,  however,  msj  be  com- 
pletely equalised  by  placing  a  resistance  coil  or  rheostat  in  the  short  cirenit  vMoih 
incfeases  the  resistance,  and  thus  increases  the  ouxTent  through  the  pdmaiy  spiial 
when  the  short  circuit  is  closed. 

Unipolar  IndnCtiOIL. — When  there  is  a  very  rapid  current  in  the  primary 
spiral,  not  only  is  there  a  current  induced  in  the  secondaiy  spiral  when  its  free 
ends  are  closed^  e,g,,  by  being  connected  with  an  animal  tissue,  but  there  is  also 
a  enrrent  when  one  wire  is  attached  to  a  binding  screw  connected  with  one  end  of 
the  wire  of  the  secondary  spiral  (p.  726).  A  muscle  of  a  frog's  leg,  when  connected 
with  this  wire,  contracts,  and  this  is  called  a  umpoUxr  induced  eorUracUon,  It 
usually  occurs  when  the  primary  circuit  is  opened.  The  occurrence  of  these  oon- 
traetions  is  favoured  when  the  other  end  of  the  spiral  is  placed  in  connection  with 
the  ground,  and  when  the  frog's  muscle  preparation  is  not  completely  insulated. 

lEagneto-IndnctioIL. — If  a  magnet  be  brought  near  to,  or  thrust  into  the 
interior  of,  a  coil  of  wire,  it  excites  a  current,  and  also  when  a  piece  of  soft  iron 
is  suddenly  rendered  magnetic  or  suddenly  demagnetised.  The  direction  of  the 
current  so  induced  in  the  spiral  is  exactly  the  same  as  that  with  faradic 
electricity,  i.e.,  the  occurrence  of  the  magnetism  on  approximating  the  spiral 
to  a  magnet,  excites  an  induced  current  in  a  direction  opposite  to  that  supposed  to 
circulate  io  the  magnet.  Conversely,  the  demagnetisation,  or  the  removal  of  the 
spiral  from  the  magnet,  causes  a  current  in  the  same  direction. 


330.  Du  Bois-Reymond's  Inductorium— Magneto- 
Induction  Apparatus. 

IndUGtoriam  of  da  Bois-Reymond.— The  induction-apparatus  of  du  Bois- 
Keymond,  which  is  used  for  physiological  purposes,  is  a  modification  of  the 
magneto-electro-motor  apparatus  of  Wagner  and  Neef .  A  scheme  of  the  apparatus 
is  given  in  Fig.  295:  D  represents  the  cmistant  element — i.e.,  the  galvanic  battery. 
The  wire  from  the  positive  pole,  a,  passes  to  a  metallic  column,  S,  which  has 
a  horizontal  vibrating  spring,  F,  attached  to  its  upper  end.  To  the  outer  end 
of  the  spring,  a  square  piece  of  iron,  e,  is  attached.  The  middle  point  of 
the  upper  surface  of  the  spring,  [covered  with  a  little  piece  of  platinum],  is 
in  contact  with  a  movable  screw,  6.  A  moderately  thick  copper  wire,  c,  passes 
from  the  screw,  h,  to  the  primain/  spiral  or  coU,  x,  x,  which  contains  in  its  interior 
a  number  of  pieces  of  soft  iron  wire,  i,  t,  covered  with  an  insulating  varnish.  The 
copper  wire  which  surrounds  the  primary  spiral  is  covered  with  silk.  The  wire, 
dy  is  continued  from  the  primary  spiral  to  a  horse-shoe  piece  of  soft  iron,  H, 
around  which  it  is  coiled  spirally,  and  from  thence  it  proceeds,  at  /,  back  to 
the  negative  pole  of  the  battery,  g. 

When  the  current  in  this  circuit — called  the  primary  cireuU — is  closed,  the 
following  effects  are  produced : — The  horse-shoe,  H,  becomes  magnetic,  in  conse 
quence  of  which  it  attracts  the  movable  spring  or  Neef 's  hammer,  e,  whereby  the 
contact  of  the  spring,  F,  with  the  screw,  b,  is  broken.  Thus  the  current  is  broken, 
the  horse-shoe  is  demagnetised,  the  spring,  e,  is  liberated,  and  being  elastic,  it 
springs  upwards  again  to  its  original  position  in  contact  with  b,  and  thus  the 
current  is  re-established.  The  new  contact  causes  H  to  be  re-magnetised,  so  that 
it  must  alternately  rapidly  attract  and  liberate  the  spring,  e^  whereby  the 
primary  current  is  rapidly  made  and  broken  between  F  and  b, 

A  secondary  spiral  or  coil  (K,  K)  is  placed  in  the  same  direction  as  the  primary 
{x,  x),  but  having  no  connection  with  it.  It  moves  in  grooves  upon  a  long  piece 
of  wood  (p,  p).  The  secondary  spiral  consists  of  a  hollow  cylinder  of  wood  covered 
with  numerous  coils  of  thin  silk-covered  wire.  The  secondary  spiral  moving  in  slots. 
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can  be  i^pioxiiiMted  to  or  even  pothed  entirely  orei  th«  primur  tpinl,  or  eaa 
be  nmoved  from  it  to  uij  diitance  deeiied. 

{Fig.  296  Bkom  the   aotnal  luTBcgemrat  of  du  BoIa-B«yiiioad'a  electromotor, 
Hw  piinuwy  oral  (B')  consurti  of  Bbont  150  coila  of  thick  inmlkted  copper  wire^ 


Fig.  295. 

I,  Scheme  of  da  Beie-Reymond's  sledge-mdnction  nuchine,     D,  conitaat  elem^it; 

a,  wire   from  +  pole,    (g)  -  pole ;   9,    brau   npright ;    F,  elastic   spring ; 

b,  binding  screv;  e,  wire  round  primary  apirol  (x,  xX  cootkining  (>,  i)  loft 
iron  wire;  K,  E,  tecondar;  (piral,  with  board  {p,  p)  on  which  It  can  be 
moved ;  H,  loft  iron  magnetised  by  current  (d,  /)  pasainj;  round  it  II,  key 
for  secondary  circuit,  at  ghovu  it  ia  short'Circnited.  Ill,  eleotrodee  (r,  r), 
witli  a  key  (K)  for  bteaking  the  circuit. 


Fig.  296. 

Induction  apparatng  of  du  Boig-Reymond— R',  primary,  R",  secondary  spiral; 
B,  board  on  which  R"  mores;  I,  scale;  +  -,  wires  fi-om  battery;  P',  P", 
pillars;  H,  Neefa  hammer;  B',  electro-magnet;  3',  binding  screw  touching 
the  steel  spring  (H);  3"  snd  3'",  binding  screws  to  which  to  attach  wires 
when  NceTi  hammer  is  not  required  (Elliott  Brothers), 
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tlie  wira  being  thick  to  oBer  Blight  reiistaiice  ta  the  gKlTBnic  current.  The 
wcoodory  coil  (B")  coiuiitt  of  6000  tnnii  of  thin  imuUted  copper  wire  arranged 
on  ■  wooden  bohbin ;  the  whole  spiral  can  be  moved  along  the  board  I.B),  to  which 
ft  millimetre  scale  (I)  it  attached,  to  th&t  the  distance  of  the  lecondary  from  the 
primary  Bpiral  may  be  ascertained.  At  the  left  end  of  the  apparatuB  is  Wagner's 
hammer  as  adapted  by  Neef,  which  is  juat  an  antomatic  arrangement  for  openiog- 
and  breaking  the  piimary  ciroait.  Whea  Neef's  hammer  is  used,  the  wires  from 
the  battery  are  connected  aa  in  the  filfiire,  but  when  ein};le  shocks  are  I'equired, 
tiie  wires  from  the  battery  are  connected  with  a  key,  and  this  agfun  with  the  tws 
terminals  of  the  primary  spiral,  S"  and  S",] 

According  to  the  law  of  induction  (p.  743),  when  the  primary  circuit  is  closed,  ft 
current  ia  indooed  in  the  secondary  circnit  in  a,  direction  the  revtrn  of  that  in  the 
primary,  while  when  it  is  opened,  the  iudoced  current  has  the  tame  directioQ. 
Further,  according  to  the  laws  of  magneto-induction,  there  is  the  magnetjaation 
of  the  iron  rods  (i,  i)  within  the  primary  spiral  (x,  x),  that  causes  a  reverte 
current  in  the  secondary  spiral  (K,  K),  while  the  demagnetisation  of  the  iron 
rods,  on  opening  the  primary  circnit,  canses  an  induced  current  In  the  mm« 
direction.     Thus  we  eiplain  the  much  moM  powerful  action  of  the  opening  shock 


Fig.  297.  Fig.  298. 

Magneto-indoctionApp«ratns,withStiihrer'a  Du  Bois-Reymond's 

Commutator.  Friction  key 

(Elliott  Brothers), 
as  compared  with  the  cloaing  ahock.     [The  direction  of  the  indneing  current 
remains  the  same,  while  the  mduced  carrmto  are  cotiglantiy  reveraed.] 

The  nugneto-indnctiOQ  (R)  apparatus  of  Piiii  (1832),  improved  by  Saxton, 
and  still  further  improved  by  Stahrer  (Fig.  297),  consists  of  a  very  powerful 
horse-shoe  »ttd  magntt.  Opposite  its  two  poles  (S  and  S)  ia  a  horse-shoe-ehaped 
fdeoe  of  iron  (H),  which  rotates  on  a  horizontal  axis  (a,  b).  On  the  ends  of  the 
horte-aboe  are  fixed  wooden  bobbins  (c,  d),  with  an  insulated  wire  coiled  round 
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them.  Wh«n  the  bone-ahoe  ii  at  rest,  m  in  the  figure.  It  become*  magnetiMd  bj- 
the  Bteel  nuguet,  while  in  the  wiiea  of  boib  bobbins  {e  vid  d),  an  eleotrio  onmat 
ia  developed  ereiy  time  the  hone-sboe  ia  denugnetlaed,  and  ftgaio  migaetlBed. 
When  the  bobbioj  rotsite  in  front  of  the  magnet,  m  eo^  coil  ^>proftdtea  ooe  pole 
»  current  it  indoced,  uid  eimilorly  when  it  ii  carried  put  the  pole  of  the  magaet, 
BO  that  four  currente  are  indnced  in  each  coil  by  t,  lingla  rotation.  By  meana  d 
Stohi«r'a  commatator  (m,  n)  attached  to  the  apindle  (a,  b),  aod  the  divided  metal 
platea  (y,  z),  which  pan  to  the  electrode*,  the  two  cnrrenta  indnoed  in  the  bobbin* 
are  obtained  in  the  same  direction.] 

Key S.~Ke7S,  or  arrangementB  for  opening  or  breaking  a  dntuit,  are  of  great 
nae.  Fig.  296,  n,  showB  a  scheme  of  a  friotiOB  key  of  du  Boia-Beymond, 
introduoed  into  the  aecondary  drcoit.  It  conaiata  of  two  brisa  bars  («  and  y)  fixed 
to  a  plate  of  ebonite,  and  as  loog  oa  the  key  ia  down  on  the  metal  bridge  (y,  r,  z)  it  ii 
" thort-drctiUed" — i.e.,  the  condaction  is  ao  good  through  the  thick  braaa  bara 
that  none  of  the  cnrrent  goes  throngh  the  wirea  leading  from  the  left  of  the  key. 
When  the  bridge  (r)  is  lifted  the  cntrent  ia  opened.  [The  term  aocaasory  circuit 
is  also  need  for  short  circnit]  [Fig.  398  shows  the  actnal  form  of  the  key,  v  being 
a  screw  wherewith  to  clamp  it  to  the  table.)  Similarly  the  key  electrodes  (III) 
may  be  used,  the  current  being  made  as  soon  as  the  spring  connectitig-pUte  (e)  ia 
rabed  by  presung  upon  J;.  This  ioatrument  ia  opeoed  by  the  hand ;  a,  b  are  the 
wirea  from  the  battery  or  induction  machine;  r,  r,  those  going  to  the  tissue;  Q, 
the  handle  of  the  instrument. 

[Ping  Key.— Other  forms  o£  keys  are  in  use— e  g.,  Fig.  299,  the  plug  key,  the 


Fig.  300. 
Capillary  contact,  as  used  by  Kronecker  and  Stirling 
— (,  Vibrating  platinam  style  adjostable  by/  and  g 
and  dipping  into  mercury  at  a;  b,  bent  tube  filled 
with  mercury,  into  which  dips  a  wire  id);  a,  open- 
ing in  cross  tube  (c). 
two  brass  plates  to  which  the  wires  are  attached  being  fixed  on  a  plate  of 
ebonite.     The  brass  plug  is  need  to  connect  the  two  braaa  plates.     All  these  are 
dri/  contacts,  bat  sometimes  >  Jluid  contact  is  used  as  in  the  mvuSTUy  key, 
■which  merely  consists  of  a  block  of  wood  with  a  cup  of  mercary  in  its  centre. 
The  ends  of  the  wires  from  the  battery  dip  into  the  mercury ;  when  both  wires  dip 
in  the  merculy  the  circuit  ia  made,  and  when  one  ia  out  it  it  broken.) 

[CapUlary  Contact  Key. — Where  on  ordinary  mercuiy  key  is  naed  to  open  and 
close  the  primary  circuit,  the  layer  of  oxide  formed  on  the  surface  fay  the  opening 
«park  disturbs  the  cooduction  after  a  short  time;  hence,  it  is  advisable  towaah  the 
surfiice  of  the  mercury  with  a  dilute  solution  of  alcohol  and  water  (W.  Stirling). 
A  handy  form  of  "  capillaiy  contact"  it  shown  in  Fig.  30(^  such  as  was  used  by 
Kronecker  and  Stirling  in  their  experiment*  on  the  heart  (p.  107).  "  A  glass 
T-tube  is  provided  at  the  crosmng  point  with  a  small  opening  (a).  The  vertical 
tnbe  {b)  is  bent  ia  the  form  of  a  U,  and  filled  so  full  with  mercury  that  the  ooa- 
vex  tnrface  of  tlie  latter  projects  within  the  lumen  of  the  tranaverse  tube  {c).    Ob* 
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end  of  e  is  connected  with  a  Mariotte'a  flask  containing  dilated  aloohol,  and  the 
snpply  of  the  latter  can  be  regulated  by  means  of  a  stop-cock.  The  fluid  flows 
over  the  apex  of  the  mercury,  and  keeps  it  clean.  The  vibrating  platinum  style 
(«)  is  attached  to  the  end  of  a  rod,  which  in  turn  is  connected  with  the  positive 
^le  of  the  battery,  while  the  plati&nm  wire  (cO  is  connected  with  the  negative 
IK)le  of  the  battery. "] 

331.  Electrical  Currents  in  Passive  Muscle 

and  Nerve. 

Kethods*— 111  order  to  investigate  the  laws  of  the  muscle-current,  we  must  use 
a  muscle  composed  of  parallel  fibres,  and  with  a  simple  arrangement  of  its  fibres  in 
the  form  of  a  prism  or  cylinder  (Fig.  301,  I  and  II).  The  sartorius  muscle  of  the 
frog  supplies  these  conditions.  In  such  a  muscle  we  distinguish  its  «ui/ac0,  or  the 
fuUurcU  longiiudinal  section,  its  tendinous  ends,  or  the  natural  transverse  section; 
further,  when  the  latter  is  divided  transversely  to  the  long  axis,  the  artijicial 
transverse  section  (Fig.  301,  I,  c,  d);  lastly,  the  term  equator  (a,  b-m,  n)  is  applied 
to  a  line  so  drawn  as  exactly  to  divide  the  length  of  the  muscle  into  halves.  As 
the  currents  are  very  feeble,  it  is  necessary  to  use  a  galvanometer  with  a  periodic 
damped  magnet  (Figs.  284, 1,  and  290),  or  a  tangent  mirror-bonasole,  such  as  is 
used  for  thermo-electric  purposes  (Fig.  168).  The  wires  leading  from  the  tissue 
are  connected  with  non-polarisable  electrodes  (Fig.  284,  P,  P). 

The  Capillary-electrometor  of  Lippmann  may  be  used  for  detecting  the 
current.  [This  instrument  depends  on  the  fact  that  a  globule  of  mercury  in  dilute 
sulphuric  acid,  when  traversed  by  an  electrical  current,  shows  the  meniscus  of  the 
mercury  passing  towards  the  negative  pole.  The  movement  of  the  mercmy  may  be 
observed  by  means  of  a  microscope  provided  with  an  eye-piece  micrometer.  A 
very  simple  and  convenient  modification  of  this  instrument  for  studying  the 
muscle-current  has  recently  been  invented  by  M'Eeudrick.] 

Compensatioil*  —  The  strength  of 
the  current  in  animal  tissues  is  best 
measured  by  the  compensation  method 
of  Poggendorf  and  du  Bois-Beymond. 
A  current  of  known  strength,  or  which 
can  be  accurately  graduated,  is  passed 
in  an  opposite  direction  through  the  same 
galvanometer  or  boussole,  until  the  cur- 
rent from  the  animal  tissue  is  just  neu- 
tralised or  compensated*  [When  this 
occurs,  the  needle  deflected  by  the 
tissue-current  returns  to  zero.  The  prin- 
ciple is  exactly  the  same  as  that  of 
weighing  a  body  in  terms  of  some 
standard  weights  placed  in  the  opposite 
scale-pan  of  the  balance]. 

1.  According  to  Hermann,  per- 
fectly fresh,  uninjured  muscles 
yield  no  current,  and  the  same  is 
true  of  dead  muscle. 

2.  Strong  electrical  currents  are 
observed  when  the  transverse  section 

^.    ^  of  a  muscle  is  placed  on   one  of 

Scheme  of  thTmuscle-current.  *^^  cushions  of  the  non-polarisable 
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electrodes  (Fig.  284, 1,  M),  while  the  surface  is  in  connection  with  the 
other  (Nobili,  Matteucci,  du  Bois-Beymond).  The  direciion  of  the 
current  is  from  the  (positive)  longitudinal  section  to  the  (negative) 
transverse  section  in  the  conducting  wires  (i,e.,  within  the  muscle  itself 
from  the  transverse  to  the  longitudinal  section — ^Figs.  284,  I,  and 
301, 1).  This  current  is  stronger  the  nearer  one  electrode  is  to  the 
equator,  and  the  other  to  the  centre  of  the  transverse  section ;  while 
the  strength  diminishes  the  nearer  the  one  electrode  is  to  the  end  of 
the  surface,  and  the  other  to  the  margin  of  the  transverse  section. 

Smooth  muscles  also  yield  similar  carrents  between  their  transverse  and 
longitudinal  sarfaoes  (§  334,  II). 

3.  Weak  electrical  currents  are  obtained  when — (a)  two  points  at 
unequal  distances  from  the  equator  are  connected;  the  current  then 
passes  from  the  point  nearer  the  equator  (  +  )  to  the  point  lying  further 
from  it  (— ),  but,  of  course,  this  direction  is  reversed  within  the  muscle 
itself  (Fig.  301,  II,  k,  e,  and  I,  e).  (b)  Similarly,  weak  currents  are 
obtained  by  connecting  points  of  the  transverse  section  at  unequal  dis- 
tances from  the  centre,  in  which  case  the  current  outside  the  muscle 
passes  from  the  point  lying  nearer  the  edge  of  the  muscle  to  that  nearer 
the  centre  of  the  transverse  section  (Fig.  303,  II,  t,  c), 

4.  When  two  points  on  the  surface  are  equidistant  from  the  equator 
(Fig.  301,  IfX,y,v,z — II,  r,  e),  or  two  equidistant  from  the  centre  of 
the  transverse  section  (II,  c)  are  connected,  no  cuiTent  is  obtained. 

5.  The  passive  nerve  behaves  like  muscle,  as  far  as  2,  3,  and  4  are 
concerned* 

The  electro-motiye  force  of  the  strongest  nerve-current,  according  to  du  Bois- 
Reymond,  is  0*02  of  a  Daniell.  Heating  a  nerve  to  15''-25^  C.  increases  the  nerve* 
current,  while  high  temperatures  diminish  it  (Steiner). 

6.  If  the  transverse  section  of  a  muscle  be  Mique  (Fig.  301,  III),  so 
that  the  muscle  forms  a  rhomb,  the  conditions  obtaining  under  III  are 
disturbed.  The  point  lying  nearer  to  the  Muse  angle  of  the  transverse 
section  or  surface  is  positive  to  the  one  lying  near  to  the  acute  angle* 
The  equator  is  oblique  (a,  c).  These  currents  are  called  ^^  deviation 
currents "  by  du  Bois-Reymond,  and  their  course  is  indicated  by  the 
lines  1,  2,  and  3. 

Strength  of  Electro-motive  Force. — The  electro-motive  force  of  a  strong 
mttsde-currerU  (frog)  is  equal  to  0*05-0 "08  of  a  Daniell's  element;  while  the 
strongest  deviation  current  may  be  0*1  Daniell.  The  muscles  of  a  curarised 
animal  at  first  yield  stronger  currents;  faXypu  of  the  muscle  diminishes  the 
strength  of  the  current  (Boeber),  while  it  is  completely  abolished  when  the 
muscle  dies.  Heating  a  muscle  increases  the  current;  but  above  iff'C.  it  is 
diminished  (Steiner).    Cooling  diminishes  the  electro-motive  force.    The  warmed 
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ikring  muscular  and  nerrons  snbatanoe  (Hennann,  Worm  Mtlller,  Grlltzner)  is 
poeitive  to  the  cooler  portions;  while,  if  the  dead  tissues  be  heated,  they  behave 
practically  as  indifibrent  bodies  as  regards  the  tissues  that  are  not  heated, 

BhaOBCOpic  Idmb. — ^The  existence  of  a  muscle-current  may  be  proved 
without  the  aid  of  a  galvanometer :  1.  By  means  of  a  sensitive  nerve- 
muscle  preparation  of  a  frog,  or  the  so-called  "physiological  rheoscope" 
Place  a  moist  conductor  on  the  transverse  and  longitudinal  surface  of 
the  gastrocnemius  of  a  frog.  On  placing  the  sciatic  nerve  of  a  nerve- 
muscle  preparation  of  a  frog  on  this  conductor,  so  as  to  bridge  over  or 
connect  these  two  surfaces^  contraction  of  the  muscle  connected  with 
the  nerve  occurs  at  once ;  and  the  same  occurs  when  the  nerve  is  again 
removed. 

{Use  a  nerve-muscle  preparation,  or,  as  it  is  called,  a  physiological  limb.  Hold 
the  preparation  by  the  femur,  and  allow  its  own  nerve  to  fall  upon  the  gastroc- 
nemius, and  the  muscle  will  contract,  but  it  is  better  to  allow  the  nerve  to  fall 
suddenly  upon  the  cross  section  of  the  musde.  The  nerve  then  completes  the 
circuit  between  the  longitudinal  and  transverse  section  of  the  muscle,  so  that  it  is 
stimulated  by  the  current  from  the  latter,  the  nerve  is  stimulated,  and  through  it 
the  muscle.  That  it  is  so,  is  proved  by  tying  a  thread  round  the  nerve  near  the 
muscle,  when  the  latter  no  longer  contracts.] 

Contraction  without  Metals. — ^Make  a  tiunsverse  section  of  a  gas- 
trocnemius muscle  of  a  frog's  nerve-muscle  preparation,  and  allow  the 
sciatic  nerve  to  fall  upon  this  transverse  section,  when  the  limb  con- 
tracts, as  the  muscle-current  from  the  longitudinal  to  the  transverse 
surface  now  traverses  the  nerve  (Galvani,  AL  v.  Humboldt). 

2.  Self-Stimulation  of  the  Muscle. — ^We  may  use  the  muscle-currmi 
of  an  isolated  muscle  to  stimulate  the  latter  directly  and  cause  it  to 
contract.  If  the  transverse  and  longitudinal  surfaces  of  a  curarised 
frog's  nerve-muscle  preparation  be  placed  on  non-polarisable  electrodes^ 
and  the  circuit  be  closed  by  dipping  the  wires  coming  from  the  elec- 
trodes in  mercury,  then  the  muscle  contracts.  Similarly,  a  nerve  may 
be  stimulated  with  its  own  current  (du  Bois-Eeymond  and  others).  If 
the  lower  end  of  a  muscle  with  its  transverse  section  be  dipped  into 
normal  saline  solution  (0*6  per  cent.  NaCl),  which  is  quite  an  indifferent 
fluid,  this  fluid  forms  an  accessory  circuit  between  the  transverse  and  ad- 
joining longitudinal  surface  of  the  muscle,  so  that  the  muscle  contracts. 
Other  indifferent  fluids  used  in  the  same  way  produce  a  similar  result 
(E.  Hering). 

3.  Electrolysis. — If  the  muscle-current  be  conducted  through  starch 
mixed  wUh  potassic  iodide,  then  the  iodine  is  deposited  at  the  +  pole, 
where  it  makes  the  starch  blue. 

Frog  Current. — It  is  asserted  that  the  total  current  in  the  body  is  the  sum  of 
the  electrical  currents  of  the  several  muscles  and  nerves  which,  in  a  frog  deprived 
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of  its  skm,  poaseB  from  the  tip  of  the  toes  toward  the  trnnk,  and  in  the  trank  from 
the  anns  to  the  head.  This  is  the  "  corraUe  propria  deUa  rana  *^  of  Leopoldo 
Nobili  (1827),  or  the  **J^  current "  of  dn  Bois-Reymond.  In  maniinalB,  the 
corresponding;  current  passes  in  the  opposite  direction. 

After  death,  the  currents  disappear  sooner  than  the  excitability  (Valentin) ; 
they  remain  longer  in  the  muscle  than  the  nerves,  and  in  the  latter,  they  dis> 
appear  sooner  in  the  central  portions.  If  the  nerve-current  after  a  time  becomes, 
feeble,  it  may  be  strengthened  by  making  a  new  transverse  section  of  the  nerve.  A 
motor  nerve  completely  paralysed  by  eurara  gtvw  a  current  (Funke),  and  so  doe» 
a  nerve  beginning  to  undergo  degeneration,  even  two  weeks  after  it  has  lost  its 
excitability.  Muscles  in  a  state  of  rigor  mortis  give  currents  in  the  opposite  direc> 
tion,  owing  to  inequalities  in  the  decomposition  which  takes  place.  The  nerve- 
current  is  reversed  by  the  action  of  boiling  water  or  drying. 

Corrents  f^om  Skin  and  Mncons  Membranes.— In  the  skin  of  the  &og,  th^ 

outer  surface  is  +,  the  inner  is  -  (du  Bois-Reymond,  Budge),  and  the  same  is 
true  of  the  mucous  membrane  of  the  intestinal  tract  (Rosenthal),  the  cornea 
(Grttnhagen),  as  well  as  the  non-gkuidular  skin  of  fishes  (Hermann)  and  molluscs 
(Oehler). 


332.  Currents  of  Stimulated  Muscle  and  Nerve. 

1.  Negative  Variation  of  the  Mnscle-Cnrrent — If  a  muscle  which 
yields  a  strong  electrical  current,  be  thrown  into  a  state  of  tetanic 
contraction  by  stimulating  its  motor  nerve,  then,  when  the  muscle 
contracts,  there  is  a  diminution  of  the  muscle-current,  and  occasionally,, 
the  needle  of  the  galvanometer  may  swing  ahnost  to  zero.  This  is  the 
negative  variation  of  the  muscle-current  (du  Bois-Reymond).  It  is  larger,, 
the  greater  the  primary  deflection  of  the  galvanometer  needle  and 
the  more  energetic  the  contraction. 

After  tetanus,  the  muscle-current  is  weaker  than  it  was  before.  If  the 
muscle  was  so  phiced  upon  the  electrodes  that  the  current  was  "feeble,'' 
equally  during  tetanus  there  is  a  diminution  of  this  current.  In  the  inactive 
arrangement,  the  contraction  of  the  muscle  has  no  effect  on  the  needle.  If 
the  niuscle  be  prevented  from  shortening,  as  by  keeping  it  tense,  the  negative 
Tariation  stiU  takes  place. 

2.  Current  during  Tetanus. — ^An  excised  frog's  muscle  tetanisei 
through  its  nerve  shows  electro-motive  force — the  so-called  "action 
current"  In  a  tetanised  frog's  gastrocnemius,  there  is  a  descending 
current.  In  completely  uninjured  human  muscles,  however,  thrown 
into  tetanus  by  acting  on  their  nerves,  there  is  no  such  current 
(L.  Hermann) ;  similarly,  in  quite  uninjured  frog's  muscles,  as  well  a» 
when  these  muscles  are  directly  and  completely  tetanised,  there  is  no- 
current. 

3.  Current  during  the  Contraction  Wave. — If  one  end  of  a  muscle 
be  directly  excited  with  a  momentary  stimulus,  so  that  the  contraction 
wave  (§  299)  rapidly  passes  along  the  whole  length  of  the  muscular 
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fibres,  then  each  part  of  the  muscle  saccessivelf  and  immeiliately  before 
it  contracts,  shows  the  negative  variation.  Thus  the  "amlradwn  wave" 
ie  preceded  by  a  "negativt  iaa>e"  of  the  mascleKmrrent,  the  latter 
occurring  during  the  latent  period.  Both  waves  have  the  same  velocity, 
about  3  metres  per  second.  The  negative  wave,  which  first  increases 
and  then  diminishes,  lasts  at  each  point  only  0'003  second  (Bernstein). 

i.  Soring  a  Single  Contraction. — A  m^le  contraction  also  shows  a 
muscle-current  The  best  object  to  nse  for  this  purpose  ia  a  amiradin^ 
hea/ri,  which  is  placed  upon  the  non-pokrisable  electrodes  connected 
with  a  sensitive  galvanometer.  Each  beat  of  the  heart  causes  a, 
deflection  of  the  needle,  which  occurs  lefore  the  contraction  of  the 
cardiac  muscle  (Kolliker  and  H.  Muller — compare  p.  109).  The 
electrical  disturbance  in  the  muscle  causing  the  negative  variation 
always  precedes  the  actual  contraction  (v.  Helmholtz,  1854).  When 
the  completely  uninjured  frog's  gastrocnemius  contracts  by  stimulating 
the  nerve,  there  is  at  first  a  descending  and  then  an  ascending  current 
(Sig.  Mayer). 

Secondary  Contraction. — A  nerve-muscle  preparation  may  be  used  to 
demonstrate  the  electrical  changes  that  occur  during  a  singk  contraction. 
If  the  sciatic  nerve.  A,  of  such  a  preparation  be  placed  upon  another 
mnscle,  B,  as  in  Fig.  302,  then  every  time  the  latter,  B,  contracts,  the 
frog's  muscle,  A,  connected  with  the  nerve  also  contracts. 


Secondary  contraction  —  The 
Bciatic  nerve  of  A  lies  on  B ; 
E,  electrodes  applied  to  the 
Bciatic  nerve  of  B. 


Nerve- muscle  preparation 
of  a  frog— F,  femur;  S, 
Boiatio  nerve;  I,  tendo 
ochillei. 


If  the  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  a- 
contracting  mammalian  heart,  then  a  contraction  of  the  muscle  occurs 
with  every  beat  of  the  heart  {Matteucci,  1842).  The  diaphragm,  even 
after  section  of  the  phrenic  nerve,  especially  the  left,  also  contracts 
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during  the  heart-beat  (Schiff).     This  is  the  ^secondary  corUradum"  of 
Galvani. 

Secondary  TetanuB. — Similarly,  if  a  nerve  of  a  nerve-muscle  prepara- 
tion be  placed  on  a  muscle  which  is  tetanised,  then  the  former  also 
contracts,  showing  '^  secondary  tetanus"  (du  Bois-Beymond).  The 
latter  experiment  is  regarded  as  a  proof  that,  during  the  process  of 
negative  variation  in  the  muscle,  many  successive  variations  of  the 
current  must  take  place,  as  only  rapid  variations  of  this  kind  can 
produce  tetanus  by  acting  on  a  nerve,  coniintums  variations  being 
unable  to  do  so. 

UsuaUy  there  is  no  secondary  tetanns  in  a  frog's  nerve-mnscle  preparation  when 
it  is  laid  upon  a  muscle  which  is  tetanised  voluntarily,  or  by  chemical  stimuli, 
or  by  poisoning  with  strychnin  (Heting  and  Friedreich,  Eiihne);  still,  Lov^n  has 
observed  secondary  strychnin  tetanus,  composed  of  6-9  shocks  per  second. 
Observations  with  a  sensitive  galvanometer  or  Lippmann's  capillary  electrometer, 
show  that  the  spasms  of  strychnin  poisoning,  as  well  as  a  voluntary  contraction, 
are  discontinuous  processes  (Lov^n—p.  653). 

[Nerve-Muscle  Preparation. — This  term  has  been  used  on  several 
occasions.  It  is  simply  the  sciatic  nerve  with  the  gastrocnemius  of  the 
frog  attached  to  it  (Fig.  303).  The  sciatic  nerve  is  dissected  out 
entire  from  the  vertebral  column  to  the  knee ;  the  muscles  of  the  thigh 
separated  from  the  femur,  and  the  latter  divided  about  its  middle,  so 
that  the  preparation  can  be  fixed  in  a  clamp  by  the  remaining  portion 
of  the  femur ;  while  the  tendon  of  the  gastrocnemius  is  divided  near 
to  the  foot.  If  a  straw  flag  is  to  be  attached  to  the  foot,  do  not 
divide  the  tendo  achilles.] 

5.  Negative  Variation  in  Nerve. — If  a  nerve  be  placed  with  its 
transverse  section  on  one  non-polarisable  electrode,  and  its  longitudinal 
surface  on  the  other,  and  if  it  be  stimulated  electrically,  chemically,  or 
mechanically,  the  nerve-current  is  also  diminished  (du  Bois-Keymond). 
This  negative  variation  can  be  propagated  towards  both  ends  of  a  nerve, 
and  is  composed  of  very  rapid,  successive,  periodic,  interruptions  of  the 
original  current,  just  as  in  a  contracted  muscle  (Bernstein) ;  while 
Hering  succeeded  in  obtaining  from  a  nerve,  as  from  a  muscle,  a 
secondary  contraction  or  secondary  tetanus.  The  amount  of  the 
negative  variation  depends  upon  the  extent  of  the  primary  deflection, 
also  upon  the  degree  of  nervous  excitability,  and  on  the  strength  of  the 
stimulus  employed.  The  negative  variation  occurs  with  tetanic  as  well 
as  by  stimulation  with  single  shocks.  The  negative  variation  is  not 
observed  in  completely  uninjured  nerves. 

Hering  found  that,  the  negative  variation  of  the  nerve-current  caused  by  tetanic 
stimulation  is  followed  by  a  positive  variation,  which  occurs  immediately  after  the 
former.  It  increases  to  a  certain  degree  with  the  duration  of  the  stimulation,  as 
well  as  with  the  strength  of  the  stimulus. 
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Vegative  Variation  of  the  Spinal  Cord.—This  is  the  same  as  m  nerres 
generally.  If  a  current  be  conducted  from  the  tnmsverae  and  longitudinal  sorfiMses 
•of  the  upper  part  of  the  medulla  oblongata,  we  observe  gporUaneous  intermittent 
negative  variationSf  perhaps  due  to  the  intermittent  excitement  of  the  nerve 
centres,  more  especially  of  the  respiratory  centre.  Similar  variations  are  obtained 
reflezly  by  single  stimuli  implied  to  the  sciatic  nerve,  while  strong  stimulation  by 
•common  salt  or  induction  shocks  inhibits  them. 

Vdocity- — T^^  process  of  negative  variation  is  propagated  at  a  measurable 
Telocity  along  the  nerve,  most  rapidly  at  15-25°G.  (Steiner),  and  at  the  same  rate 
as  the  velocity  of  the  nervous  impulse  itself,  about  27-28  metres  per  second.  The 
•duration  of  a  single  variation  (of  which  the  process  of  negative  variation  is  com- 
posed), is  only  0  '0005-0  "0008  second,  while  the  wave-length  in  the  nerve  is  calculated 
by  Bernstein  at  18  mm. 

Differential  Sheotom.--J.  Bernstein  estimated  the  velocity  of  the  negative 
variation  in  a  nerve  by  means  of  a  differential  rheotom,  thus  :^A.  long  stretch  of  a 
nerve  is  so  arranged,  that  at  one  end  of  it,  its  transverse  and  longitudinal  surfaces 
are  connected  with  a  galvanometer,  while  at  the  other  end,  are  placed  the  electrodes 
of  an  induction  machine.  A  disc,  rapidly  rotating  on  its  vertical  axis,  has  an 
arrangement  at  one  point  of  its  circumference,  by  means  of  which  the  current  of 
the  primary  circuit  is  rapidly  opened  and  closed  during  each  revolution.  This 
•causes,  with  each  rotation  of  the  disc,  an  opening  and  a  closing  shock  to  be  applied 
to  the  end  of  the  nerve.  At  the  diametrically  opposite  part  of  the  circumference, 
is  an  arrangement  by  which  the  galvanometer  circuit  is  closed  and  opened  during 
•each  revolution.  Thus,  the  stimulation  and  the  closing  of  the  galvanometer  circuit 
•occur  at  the  same  moment.  On  rapidly  rotating  the  disc,  the  galvanometer 
indicates  a  strong  nerve-current.  At  the  moment  of  stimulation,  the  negative 
variation  has  not  yet  reached  the  other  end  of  the  nerve.  If,  however,  the 
arrangement  which  closes  the  galvanometer  circuit  be  so  displaced  along  the 
circumference,  that  the  galvanometer  circuit  is  closed  somewhat  IcUer  than  the 
nerve  is  stimulated,  then  the  current  is  weakened  by  the  negative  variation. 
When  we  know  the  velocity  of  rotation  of  the  disc,  it  is  easy  to  calculate  the 
rate  at  which  the  impulse  causing  the  negative  variation  passes  along  a  given 
distance  of  nerve. 

The  negative  variation  is  absent  in  degenerated  nerves,  as  soon  as  they  lose  their 
excitability. 

Eye  Carrents. — If  a  freshly  excised  eyeball  be  placed  on  the  non-polarisable 
electrodes  connected  with  a  galvanometer,  and  if  light  fall  upon  the  eye,  then  the 
normal  eye  current  from  the  cornea  (-h)  to  the  transverse  sectioli  of  the  optic 
nerve  (— )  is  at  first  increased.  Yellow  light  is  most  powerful,  and  less  so  the 
other  colours  (Holmgren,  M*Kendrick,  and  Dewar).  The  inner  sur&ce  of  the 
passive  retina  is  positive  to  the  posterior.  When  the  retina  is  illuminated,  there 
is  a  double  variation,  a  negative  variation  with  a  preliminary  positive  increase; 
while,  when  the  light  ceases,  there  is  a  simple  positive  variation.  KetinsB,  in 
which  the  visual  purple  has  disappeared,  owing  to  the  action  of  light,  show  no 
variations  (Kiihne  and  Steiner). 


333.  Currents  in  Nerve  and  Muscle  during 

Electrotonus. 

1.  PositiTe  Phase  of  Electrotonns. — ^If  a  nerre  be  so  atranged  upon 
the  electrodes  (Fig.  304, 1),  that  its  transverse  section  lies  on  one,  and 
its  longitudinal  on  the  other  electrode,  then  the  galvanometer  indicates 
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a  strong  current  If  now  a  constani  galvanic  curreni  be  transmitted 
through  the  end  of  the  nerve  projecting  beyond  the  electrodes  (the 
so-called  "polarising^  end  of  the  nerve)^  and,  if  the  direction  of  this 
current  coincides  with  that  in  the  nerve,  then  the  magnetic  needle 
gives  a  greater  deflection,  indicating  an  increase  of  the  nerve-current — 
*^  (he  posUive  phase  of  dectrotontLsJ'  The  increase  is  greater,  the  longer 
the  stretch  of  nerve  traversed  by  the  current,  the  stronger  the 
galvanic  current,  and  the  less  the  distance  between  the  part  of  the 
nerve  traversed  by  the  constant  current  and  that  on  the  electrodes. 

2.  Negative  Phase  of  Electrotonus. — If  in  the  same  length  of  nerve, 
the  constant  current  passes  in  the  opposite  direction  to  the  nerve-current 
(Fig.  304,  n),  there  is  a  diminution  of  the  electro-motive  force  of  the* 
latter — "  negative  phase  of  electrotonus/' 

3.  Equator. — ^If  two  points  of  the  nerve  equidistant  from  the  equator 

be  placed  on  the  electrodes  (III), 
there  is  no  deflection  of  the  gal- 
vanometer needle  (p.  750,  4).  If  a 
constant  current  be  passed  through 
one  firee  projecting  end  of  tho 
nerve,  then  the  galvanometer  in- 
dicates an  electro-motive  effect  in 
the  same  direction  as  the  constant 
current 

Electrotonus.  —  These  experi- 
ments show  that  a  constant  current 
causes  a  change  of  the  electro- 
motive force  of  the  part  of  the 
nerve  directly  traversed  by  the 
constant  current,  and  also  in  the 
part  of  the  nerve  outside  the 
electrodes.  This  condition  is 
called  electrotonus  (du  Bois-Eey- 
mond,  1843). 


Fig.  304. 

Nerye-current  in  electrotonus  — 
a,  galvanometer;  b,  electrodes; 
£,  constant  carrent 


The  electrotonic  current  is  strongest  not  far  from  the  electrodes,  and  it  may  be 
twenty-five  times  as  strong  as  the  nerve-cnrrent  of  rest  (§  331,  5) ;  it  is  greater  on 
the  anode  than  on  the  cathode  side ;  it  nndeigoes  a  negative  variation  like  the 
resting  nerve-cnrrent  during  tetanus;  it  occurs  at  once  on  closing  the  constant 
current,  although  it  diminishes  uninterruptedly  at  the  cathode  (du  Bois-Reymond). 
These  phenomena  take  place  only  as  long  as  the  nerve  is  excitable.  If  the  nerve 
be  ligatured  in  the  projecting  part  in  the  galvanometer  circuit,  the  phenomena 
cease  in  the  ligatured  part.  The  negative  variation  (§  332)  occurs  more  rapidly 
than  the  electrotonic  increase  of  the  current,  so  that  the  former  is  over  before  the 
electro-motive  increase  occurs.  The  velocity  of  the  electrotonic  change  in  the 
current  is  less  than  the  rapidity  of  propagation  of  the  excitement  in  the  nerves, 
being  only  8-10  metres  per  second  (Tschirjew,  Bernstein). 
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"  The  aeeondary  contraction  from  a  nerve"  depends  npon  the  eleotrotonic  state. 
If  the  sciatic  nerve  of  a  frog's  nerve-muscle  preparation  be  pbiced  on  an  excised 
nerve,  and  if  a  constant  current  be  passed  through  the  free  end  of  the  latter— non- 
electrical stimuli  being  inactive — ^the  muscles  contract.  This  occurs  because  the 
electrotonising  current  in  the  excised  nerve  stimulates  the  nerve  lying  on  it.  By 
rapidly  dosing  and  opening  the  current,  we  obtain  **  secondary  tetanus  from  a 
nerve,** 

Paradoxical  CrOntractioil* — Exactly  the  same  occurs,  when  the  current  is 
applied  to  one  of  the  two  branches  into  which  the  sciatic  nerve  (cut  through  above) 
of  the  frog  divides,  i.e.,  the  muscles  attached  to  both  branches  of  the  nerve  contract. 

Polariflillg  After-Cnrrents.— When  the  constent  current  is  opened,  there  are 
after-currents  depending  upon  internal  polarisation  (§  328).  In  living  nerves, 
muscle,  and  electrical  organs  this  internal  polarisation  current,  when  a  strong 
primary  current  of  very  short  duration  is  used,  is  always  positive — i.e.,  has  the  same 
direction  as  the  primary  current.  Prolonged  duration  of  the  primary  current 
ultimately  causes  negative  polarisation.  Between  these  two  is  a  stage  when  there 
is  no  polarisation.  Positive  polarisation  is  especially  strong  in  nerves  when  the 
primary  current  has  the  direction  of  the  impulse  in  the  nerve ;  in  muscle,  when 
the  primary  current  is  directed  from  the  point  of  entrance  of  the  nerve  into  the 
muscle  to  tiie  end  of  the  muscle  (§  334,  II). 

4.  Mascle-Current  during  Electrotonos.  —  The  constant  current 
also  produces  an  electrotonic  condition  in  musde;  a  constant  current  in 
the  same  direction  increases  the  muscle-current,  while  one  in  an 
opposite  direction  weakenis  it^  but  the  action  is  relatively  feeble. 


334.  Theories  of  Muscle  and  Nerve  Currents. 

I.  Molecular  Theory. — ^To  explain  the  currents  in  muscle  and  nerve,  da 
Bois-Reymond  proposed  the  so-called  molecular  theory.  According  to  this  theory, 
a  nerve-  or  muscle-fibre  is  composed  of  a  series  of  small  electro-motive  molecules 
arranged  one  behind  the  other,  and  surrounded  by  a  conducting,  indififerent  fluid. 
The  molecules  are  supposed  to  have  a  positive  equatorial  zone  directed  towards, 
the  surface,  and  two  negative  polar  surfaces  directed  towards  the  transverse 
section.  Every  fresh  transverse  section  exposes  new  negative  surfaces,  and  every 
artificial  longitudinal  section  new  positive  areas. 

This  scheme  explains  the  strong  currente,  for  when  the  +  longitudinal  surfaoe 
is  connected  with  the  -  transverse  surface,  a  current  is  obtained  from  the  former  to 
the  latter;  but  it  does  not  explain  the  fe^le  currents.  To  explain  their  occur- 
rence we  must  assume  that,  on  the  one  hand,  the  electro-motive  force  of  the 
molecules  is  weakened  with  varying  rapidity  at  unequal  distances  from  the 
equator;  on  the  other,  at  unequal  distances  from  the  transverse  section.  Then^ 
of  course,  differences  of  electrical  tension  obtein  between  the  stronger  and  the 
feebler  molecules. 

Parelectronomy. — But  the  natural  transverse  section  of  a  muscle,  i.e.,  the  end 
of  the  tendon,  is  not  negative,  but  more  or  less  positive  electrically.  To  explain 
this  condition,  du  Bois-Reymond  assumes  that  on  the  end  of  the  tendon  there  is 
a  layer  of  electro-positive  muscle-substance.  He  supposes  that  each  of  the 
peripolar  elemento  of  muscle  consists  of  two  bipolar  elements,  and  that  a  layer 
of  this  haHf  element  lies  at  the  end  of  the  tendon,  so  that  its  positive  side  ia 
turned  toward  the  free  surfeu^e  of  the  tendon.  This  layer  he  calls  the  **parelectrO' 
Twmic  layer."  It  is  never  completely  absent.  Sometimes  it  is  so  marked,  as  to 
make  the  end  of  the  tendon  +  in  relation  to  the  sur&ce.    Cauterisation  destroys  it. 


7oS  Hermann's  difference  theory. 

The  negative  Yariation  is  explained  by  stipposing  that,  during  the  action  of  a 
ninscle  and  nerve,  the  electro-motive  force  of  all  the  moleculeB  is  diminished. 
Dnnng  partial  contraction  of  a  muscle,  the  contracted  part  assumes  more  the 
characters  of  an  indifferent  conductor,  which  now  becomes  connected  vdth  the 
D^ative  zone  of  the  passive  contents  of  the  muscular  fibres. 

The  electrotonic  currents  beyond  the  electrodes  in  nerves  must  be  explained. 
To  explain  the  electrotonic  condition,  it  is  assumed  that  the  bipolar  molecules 
«re  capable  of  rotation.  The  polarising  current  acts  upon  the  direction  of  the 
molecules,  so  that  they  turn  their  negative  sur&oes  towards  the  anode,  and  their 
positive  surfaces  to  the  cathode,  whereby  the  molecules  of  the  intrapolar  region 
have  the  arrangement  of  a  Volta's  pile.  In  the  part  of  the  nerve  outside  the 
electrodes,  the  further  removed  it  is,  the  less  precisely  are  the  molecules  arranged. 
Hence,  the  swing  of  the  needle  is  less,  the  further  the  extrapolar  portion  is  from 
the  electrodes. 

II.  Difference  Theory. — The  difference  theory,  proposed  by  L. 
Hermann,  explains  all  the  phenomena  of  the  muscle  and  nerve 
currents  thus : — ^The  dying  or  active  muscle  is  negative  to  the  normal 
passive  contents  of  the  muscle  or  nerve,  which  are  positively  electricaL 

Streamless  Fresh  Muscles. — It  seems  that  passive,  uninjured,  and 
absolutely  fresh  muscles  are  completely  devoid  of  a  current,  e.g,,  the 
heart  (Engelmann),  abo  the  musculature  of  fishes  while  still  covered 
by  the  skin. 

As  the  skin  of  the  frog  has  currents  peculiar  to  itself,  it  is  possible  with  certain 
precautions,  after  destroying  the  skin  with  alkalies,  to  show  the  streamless 
character  of  frogs'  muscles.  L.  Hermann  also  finds  that  the  muscle-current  is 
always  developed  after  a  time,  which  is  very  short,  when  a  new  transverse  section 
is  made. 

Demarcation  Current.— Every  injury  of  a  muscle  or  nerve  causes  at  the  point 
of  injury  {demarcaiion  surface),  a  dying  substance  which  behaves  negatively  to  the 
positive  intact  substance.  The  current  thus  produced  is  caUed  by  Hermann  the 
'* demarcation  current,*^  If  individual  parts  of  a  muscle  be  moistened  with  potash 
salts  or  muscle-juice,  they  become  negatively  electrical ;  if  these  substances  be 
removed,  these  parts  cease  to  be  negative  (Biedermann). 

It  appears  that  all  Uving  protoplasmic  substance  has  a  special  property,  whereby 
injury  of  a  part  of  it  makes  it,  wJien  dyings  negcUive,  while  the  intact  parts  remain 
positively  electrical.  Thus,  all  transverse  sections  of  living  parts  of  plants  are 
negative  to  their  surfeice  (Buff);  and  the  same  occurs  in  animal  parts,  e.g,y  glands 
and  bones. 

Engelmann  made  the  remarkable  observation  that,  the  heart  and  smooth  muscle 
again  lose  the  negative  condition  of  their  transverse  section,  when  the  muscle  cells 
Are  completely  dead,  as  far  as  the  cement-substance  of  the  nearest  cells;  in  nerves, 
when  the  divided  portion  dies,  as  far  as  the  first  node  of  Ranvier.  When  all  these 
organs  are  again  completely  streamless,  then  the  absolutely  dead  substsnce 
behaves  essentially  as  an  indifferent  moist  conductor.  Muscles  divided  sub- 
cutaneously  and  healed,  do  not  exhibit  a  negative  reaction  of  the  surface  of  their 
section. 

All  these  considerations  go  to  show  that  the  pre-ezistenoe  of  a  current  in  living, 
uninjured  tissues  is  very  doubtful,  and,  perhaps,  can  no  longer  be  maintained. 

Action  Currents* — ^The  term  ^'action  current"  is  applied  by  L.  Hermann  to  the 
currents  obtaiued  during  \h<Q  activity  of  a  muscle.  When  a  single  stimulation  wave 
(contraction)  passes  along  muscular  fibres,  which  are  connected  at  two  points  with 
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a  galvanometer,  then  that  point  throogh  whioh  the  wave  ia  jtut  passing  is  negative 
to  the  other.  Occasionally,  in  excised  muscles,  local  contractions  occur,  and  these 
points  are  negative  to  the  other  passive  parts  of  the  muscle  (Biedermann).  In 
order,  therefore,  to  explain  the  currents  obtained  from  a  frog's  leg  during  tetanus, 
we  must  assume  that  the  end  of  the  fibre  which  is  negative  participates  less  in  the 
excitement  than  the  middle  of  the  fibre.  But  this  is  the  Case  only  in  dying  or 
fsbtigued  muscles  (p.  752,  2). 

According  to  §  336,  D,  the  direct  application  of  a  constant  current  to  a  muscle 
causes  contraction  first  at  the  cathode,  when  the  current  is  closed,  and  when  it  ia 
opened,  at  the  anode.  This  is  explained  by  assuming  that,  during  the  closing 
contraction,  the  muscle  is  negative  at  the  cathode,  while  with  the  opening  con- 
traction, the  negative  condition  is  at  the  anode. 

If  a  muscle  be  thrown  into  contraction  by  stimulating  its  nerve,  then  the  wave 
of  excitement  travels  from  the  entrance  of  the  nerve  to  both  ends  of  the  muscle, 
which  also  behave  negatively  to  the  passive  parts  of  the  muscle.  According  to 
the  point  at  which  the  nerve  enters  the  muscle,  the  ascending  or  descending  wave 
of  excitement  will  reach  the  end  (origin  or  insertion)  of  the  muscle  sooner  than  the 
other.  On  placing  such  a  muscle  in  the  galvanometer  circuity  then  at  first  that 
end  of  the  muscle  will  be  negative  which  lies  nearest  to  the  point  of  entrance  of 
the  nerve  (e.g.,  the  upper  end  of  the  gastrocnemius),  and  afterwards  the  lower 
end.  Thus  there  appears  rapidly  after  each  other,  at  first  a  descending  and  then 
an  ascending  current  in  the  galvanometer  circuit,  (of  course  reversed  within  the 
muscle  itself)— (Sig.  Mayer) — (p.  753,  4). 

The  same  occurs  in  the  muscles  of  the  human  fore-arm.  When  these  were 
caused  to  contract  through  their  nerves,  at  first  the  point  of  entrance  of  the  nerve 
(10  cm.  above  the  elbow  joint)  was  negative,  and  then  followed  the  ends  of  the 
muscles  when  the  contraction  wave,  with  a  velocity  of  10-13  metres  per  second, 
reached  them  (L.  Hermann) — (§  399,  1). 

If  a  completely  uninjured,  streamless  muscle  be  made  to  contract  directly  and 
in  toto,  then  neither  during  a  single  contraction  nor  in  tetanus  is  there  a  current, 
because  the  whole  of  the  muscle  passes  €U  the  same  moment  into  a  condition  of 
contraction. 

Nerve  and  Secretion  CnrrentS. — Hermann  also  supposes  that,  the  contents 
of  dying  or  active  nerves  behave  negatively  to  the  passive  normal  portions.  He 
also  observed  a  current  in  the  skin  of  the  frog  coincident  with  the  formation  of  an 
alkaline  secretion  from  the  cutaneous  glands.  The  direction  of  the  current  in  the 
skin  is  from  without  inwards ;  so  that  he  is  inclined  to  regard  the  pre-existing 
skin  current  as  a  secretion  current.  The  ascending  current,  observed  in  the  limbs 
of  a  man,  when  the  fingers  of  both  hands  are  placed  in  the  electrodes  and  the 
muscles  of  one  limb  contracted,  he  is  also  inclined  to  regard  as  a  secretion  current 
in  the  skin.  Experiments  on  a  cat,  with  its  hind  limbs  in  connection  with  a 
galvanometer,  show  that  stimulation  of  ofne.  sciatic  nerve,  in  addition  to  causing 
a  secretion  of  sweat,  causes  an  ascending  ''secretion  current"  (L.  Hermann, 
Luchsinger). 

According  to  L.  Hermann,  the  four  foUowing  considerations  are  sufficient  to  explain 
the  occurrence  of  the  galvanic  phenomena  in  living  tissues: — 1.  Protoplasm,  by  under- 
going partial  death  in  its  continuity,  whether  by  injury  or  by  (homy  or  mucous) 
metamorphosis,  becomes  negative  towards  the  uninjured  part.  2.  Protoplasm, 
by  being  partially  excited  in  its  continuity,  becomes  negative  to  the  uninjured  part. 
3^  Protoplasm,  when  partially  Tieated  in  its  continuity,  becomes  positive,  and  by 
cooling  negative,  to  the  unchsmged  part.  All  these  results  follow  the  ordinary  lam 
of  tension  or  potential.  4.  Protoplasm  is  strongly  polariaable  on  Hg  surface  (muscle, 
nerve),  the  polarisation  constants  diminishing  with  excitement  and  in  the  prooess 
of  dying. 
Imbibition  Cnrrents. — ^When  water  flows  through  capillary  Bpaoes,  this  is 
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aooompanied  by  sn  electrical  movement  in  the  same  direction  (Quincke,  ZOllner). 
Similarly,  the  forward  movement  of  water  in  the  capillary  interspaces  of  non-living 
parts  (pores  of  a  porcelain  plate)  is  also  connected  with  electrical  movements,  which 
have  the  same  direction  as  the  current  of  water.  The  same  effect  occurs  in  the 
movement  of  water,  which  results  in  that  condition  known  as  imfnbUion  of  a  body. 
We  must  remember  that  at  the  demarcation  sur&oe  of  an  injured  nerve  or  muscle 
imbibition  takes  place;  that  also  at  the  contracted  parts  of  a  muscle  imbilntion  of 
fluid  occurs  (§  297,  XL) ;  and  that  during  secretion,  there  is  a  movement  of  the  fluid 

particles. 

In  PlantSi  electrical  phenomena  have  been  observed  during  the  passive  bending  of 
vegetable  parts  (leaves  or  stalks),  as  well  as  during  the  active  movements  which  are 
associated  with  the  bending  of  certain  parts,  e.^.,  as  in  the  mimosa  or  dionea  (p. 
384) — (Burdon-Sanderson).  These  phenomena  are  perhaps  explicable  by  the  move- 
ment of  water  which  must  take  place  in  the  interior  of  the  vegetable  parts  (A.  G. 
Kunkel).  The  root  cap  of  a  sprouting  plant  is  negative  to  the  seed  coverings 
(Hermann);  the  cotyledons  positive  to  the  other  parts  of  the  seedling  (Miiller- 
Hettlingen). 


335.  Alteration  of  the  Excitability  during 

Electrotonus. 

Cause  of  Electrotonas. — If  a  certain  stretch  of  a  living  nerve  be 
traversed  by  a  constant  electrical  ('^polarising**)  current,  it  passes  into  a 
condition  of  altered  excitability  (Ritter,  1802,  Nobili,  Valentin,  Eckhard, 
Pfliiger),  which  du  Bois-Seymond  called  the  electrotonic  condition,  or 
simply  electrotonus.  This  condition  of  altered  excitabiUty  extends  not 
only  over  the  part  actually  traversed  by  the  current,  intrapolar  portion, 
but  it  is  communicated  to  the  entire  nerva  Pfliiger  (1859)  discovered 
the  following  laws  of  electrotonus: — 

At  the  positive  pole  {an^e — Fig.  305,  A)  the  excitability  is  diminished — 
this  is  the  region  of  anelectrotonus',  at  the  negative  pole  (cathode — K)  it  is 
%n>creased — this  is  the  region  of  cathelectroionus.  The  changes  of  excita- 
bility are  most  marked  in  the  region  of  the  poles  themselves. 

Indifferent  Point. — In  the  intrapolar  region,  a  point  must  exist  where 
the  anelectrotonic  and  cathelectrotonic  regions  meet,  where  therefore 
the  excitability  is  unchanged;  this  is  called  the  indifferent  or  nmtral 
point.  This  point  lies  nearer  the  anode  (i)  with  a  weak  current,  but 
with  a  strong  current  nearer  the  cathode  (i,J;  hence,  in  the  first  case, 
almost  the  whole  intrapolar  portion  is  more  excitable;  in  the  latter,  less 
excitable.  [Expressed  otherwise,  a  weak  current  increases  the  area  over 
which  the  negative  pole  prevails,  while  the  reverse  is  the  case  with  a 
strong  current]  Very  strong  currents  greatly  diminish  the  con- 
ductivity at  the  anode,  and  indeed  may  make  the  nerve  completely  , 
incapable  of  conduction  at  this  part. 

Extrapolar   region.— The  extrapolar  area,  or  that  lying  outside  the 
electrodes,  is  greater  the  stronger  the   current     Further,  with  the 
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weakest  currents;  the  eztrapolar  anelectrotonic  area  is  greater  than  the 
eztrapolar  cathelectrotonic.  With  strong  currents  this  relation  is  re- 
versed. 


Fig.  305. 
Scheme  of  the  electrotonio  excitability. 

Fig.  305  shows  the  excitability  of  a  nerve  {N^  n)  traversed  by  a  oonstant  current 
in  the  direction  of  the  arrow.  The  curve  shows  the  degree  of  increased  excita- 
bility in  the  neighbourhood  of  the  cathode  (K)  as  an  elevation  above  the  nerve, 
diminution  at  the  anode  (^)  as  a  depression.  The  curve  m,  o,  i^^  p,  r,  shows  the 
degree  of  excitability  with  a  strong  current;  6,  /,  t,,  h,  h,  with  a  medium  current; 
lastly,  a,  b,  i,  c,  d,  with  a  weak  current. 

The  electrotonio  eiFect  increases  with  the  length  of  the  nerve  traversed  by  the 
current.  The  changes  of  the  excitability  in  electrotonus  occur  instantly  when  the 
<nrcuit  is  closed,  while  anelectrotonus  develops  and  extends  more  slowly. 

When  the  polarising  current  is  opened,  at  first  there  is  a  reversal  of 
the  relations  of  the  excitability,  and  then  there  follows  a  transition  to 
the  normal  condition  of  excitability  of  the  passive  nerve  (Pfliiger). 
At  the  very  first  moment  of  closing,  Wundt  observed  that  the  excita- 
bility of  the  whole  nerve  was  increased. 

I.  Proof  of  Electrotonus  in  Motor-Nerves. — To  test  the  laws  of  electrotonus, 

take  a  frog's  nerve-muscle  preparation  (Fig.  303).  A  constant  current  (p.  738),  is 
applied  to  a  limited  part  of  the  nerve  by  means  of  non-polarisable  electrodes. 
A  stimulus,  electrical,  chemical  (saturated  solution  of  common  salt),  or  mechani- 
cal is  applied  either  in  the  region  of  the  anode  or  cathode;  and  we  observe 
whether  the  contraction  which  results  is  greater  when  the  polarising  current  is 
opened  or  closed.     We  will  consider  the  following  cases  (Fig.  306) : — 

(a)  Descending  extrapolar  aneleetrotorms,  t.e.,  with  a  descending  current  we 
have  to  test  the  excitability  of  the  extrapolar  region  at  the  anode.  H  the  stimulus 
(common  salt)  applied  at  B  (while  the  circuit  was  open)  causes  in  this  case  (A) 
moderately  strong  contractions  in  the  limb,  then  these  at  once  become  toeaiser  or 
disappear  as  soon  as  the  constant  current  is  transmitted  through  the  nerve. 
After  the  circuit  is  opened,  the  contractions  produced  by  the  salt  again  occur  of 
the  original  strength. 

{h)  Descending  extrapolar  eathekctrotonus  (A).  The  stimulus  (salt)  is  at  R,  and 
the  contractions  thereby  produced  are  at  once  increased  after  closing  the  polarising 
^current.    On  opening  it  they  are  again  weakened. 

(c)  Ascending  extrapolar  anelectrotonus  (B).  The  salt  lies  at  r.  In  this  case  we 
must  distinguiBh  the  strength  of  the  polarising  current:— ^1)  When  the  current  is 
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very  weak^  wliich  can  be  obtained  with  the  aid  of  the  rheocord  (Fig.  284),  on 
doBiBg  the  polariBisg  current,  there  is  an  increase  of  the  contraction  produced  by 
the  salt.  (2)  If,  however,  the  current  is  stronger,  the  contractions  become  either 
smaller  or  cease.  This  is  due  to  the  fact  that,  with  strong  currents,  the  con- 
ductivity of  the  anode  is  diminished  or  even  abolished  (p.  760).    Although  the 

salt  acts  on  the  excitable  nerve,  there  is  no  con- 
traction of  the  muscle,  as  the  conduction  of  an  im- 
pulse is  prevented  by  the  resistance  in  the  nerve. 
The  law  of  electrotonus  may  also  be  demon- 
strated on  a  completely  isolated  nerve.  The  end 
of  the  uerve  is  properly  disposed  upon  elec- 
trodes connected  with  a  galvanometer,  so  as 
to  obtain  a  strong  current.  If  the  nerve,  when 
the  constant  current  is  closed,  is  stimulated  in 
the  anelectrotonic  area,  e,g,,  by  an  induction 
shock,  then  the  negative  variation  is  weaker  than 
when  the  polarising  circuit  was  open.  Con- 
versely, it  is  stronger  when  it  is  stimulated 
in  the  cathelectrotonic  area  (Bernstein).  The 
currents  from  the  extrapolar  areas  of  a  nerve 
in  a  condition  of  electrotonus,  exhibit  the  nega- 
tive variation,  when  the  nerve  is  stimulated. 

Proof  ill  Man. — ^In  performing  this  experi- 
ment, it  is  important  to  remember  when  an 
electrode  is  applied  to  the  skin  over  a  nerve, 
that  in  the  immediate  neighbourhood  of  thi» 
electrode,  electricity  with  the  opposite  char- 
acters IB  established  in  the  nerve  (v.  Helm- 
holtz,  Erb).  If  we  desire  to  stimulate  in  the 
neighbourhood  of  this  electrode,  then  we  cannot  act  upon  that  part  of  the  nerve 
whose  excitability  is  influenced  by  the  electrode.  In  order,  therefore,  to  stimulate 
direcily  the  same  point  on  which  the  electrode  acts,  it  is  necessary  to  apply  the 
stimulus  at  the  same  time  by  the  electrode  itself,  e.g.,  either  mechanically  or  by 
conducting  the  stimulating  current  through  the  polarising  circuit  (Walter  and 
de  Watteville). 

n.  Proof  of  Electrotonus  in  Sensory  Nerves.— Isolate  the  sciatic  nerve  of 

a  decapitated  frog.  When  this  nerve  is  stimulated  in  its  course  with  a  saturated 
solution  of  common  salt,  r^x  movements  are  excited  in  the  other  leg,  the  spinal 
cord  being  still  intact.  These  disappear  as  soon  as  a  constant  current  is  applied 
to  the  nerve,  provided  the  salt  lies  in  the  anelectrotonic  area  (PflUger  and  Zurhelle, 
Hallst^). 

in.  I^oof  of  ElectrotonuB  in  Inhibitory  Nerves.— To  show  this,  proceed 

thus : — On  causing  dyspnoea  in  a  rabbit,  the  number  of  heart-beats  is  diminished, 
owing  to  the  action  of  the  dyspnoeic  blood  on  the  cardio-inhibitory  centre  in  the 
medvffla  oblongata.  If  after  dividing  the  vagus  on  one  side,  a  constant  descending 
current  be  passed  through  the  other  intact  vagus,  the  number  of  pulse-beats  is 
again  increased  (descending  extrapolar  anelectrotonus).  If,  however,  the  current 
through  the  serve  be  an  ascending  one,  then  with  weals  currents  the  number  of 
heart-beats  increases  still  more  (ascending  extrapolar  cathelectrotonus).  Hence, 
the  action  of  inhibitory  nerves  in  electrotonus  is  the  opposite  of  that  in  motor 
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Method  of  testing  the  excita- 
bility in  electrotonus— R, 
r,  Ki,  ri,  where  the  common 
salt  (stimulus)  is  applied. 


During  the  electrotonus  of  muscle,  the  excitability  of  the  intrapolar 
p(»rtion  is  altered.    The  delay  in  the  conduction  is  confined  to  this 
alone  (v.  Bezold)— <:ompare  §  337,  1. 
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336.  The  Occurrence  and  Disappearance  of 
Electrotonus— Law  of  Contraction. 

Opening  and  Closing;  Shocks. — A.  nerve  is  stimulated  both  at  the 
moment  of  the  occurrence  and  that  of  disappearance  of  electrotonus,  (ie.,, 
by  closing  and  opening  the  current — Eitter): — 1.  "When  the  current  is 
closed,  the  stimulation  occurs  only  at  the  cathode,  i.e ,  at  the  moment 
when  the  electrotonus  takes  place.  2.  When  the  current  is  qpenedy 
stimulation  occurs  only  at  the  anode,  i.e,,  at  the  moment  when  the 
electrotonus  disappears.  3.  The  stimulation  at  the  occurrence  of 
cathelectrotonus  is  stronger  than  that  at  the  disappearance  of  an- 
electrotonus  (Pfliiger). 

Bitter's  Opening  Tetanus- — ^That  stimulatioii  occnrs  only  at  the  anode,  when 
the  current  is  opened,  was  proved  by  Pfiuger  by  means  of  "Bitter's  opening^ 
tetanas.''  Bitter's  tetanus  consists  in  tliis,  that,  when  a  constant  current  is  passed 
for  a  long  time  through  a  long  stretch  of  nerve,  on  opening  the  current,  tetanus 
lasting  for  a  considerable  time  results.  If  the  current  was  a  descending  one,  then 
this  tetanus  ceases  at  once  after  section  of  the  intrapolar  area,  a  proof  that  the 
tetanus  resulted  from  the  now  separated  anode.  If  the  current  was  an  ascending 
one,  section  of  the  nerve  hsus  no  effect  on  the  tetanus. 

Pfliiger  and  v.  Bezold  also  proved  that  the  closing  contracticn  at  the  cathode 
precedes  that  at  the  anode.  Thus,  they  observed  that  with  a  descending  current^ 
the  closing  contraction  in  the  muscle  at  the  moment  of  closing,  occurred  earlier 
than  the  opening  contraction  at  the  moment  of  opening;  and,  conversely  with  an 
ascending  current,  the  closing  contraction  occurred  later  and  the  opening  con- 
traction sooner.  The  difference  in  time  corresponds  to  the  time  required  for 
the  propagation  of  the  impulse  in  the  intrapolar  region  (§  337).  If  a  large  pari 
of  the  intrapolar  region  in  a  frog's  nerve  be  rendered  inexcitable  by  applying 
ammonia  to  it,  then  only  the  electrode  next  the  muscle  stimulates,  i.e.,  always  on 
closing  a  descending  current,  and  on  opening  an  ascending  one  (Biedermann). 

A.  The  law  of  contraction  is  valid  for  all  kinds  of  nerves — I.  The  con- 
traction occurring  at  the  closing  or  opening  of  a  constant  current  varies 
with  (a)  the  direction  (Pfaff),  and  (5)  the  strength  of  the  current 
(Heidenhain). 

1.  Very  feeble  currents,  in  conformity  with  the  third  of  the  above 
statements,  cause  only  a  closing  contraction,  both  with  an  ascending  and 
a  descending  current.  The  disappearance  of  electrotonus  is  so  feeble 
a  stimulus  as  not  to  excite  the  nerve. 

2.  Medium  currents  cause  opening  or  closing  contractions  both  with 
an  ascending  and  a  descending  current, 

3.  Very  strong  currents  cause  only  a  closing  contraction  with  & 
descending  current ;  the  opening  shock  does  not  occur,  because,  with 
very  strong  currents,  almost  the  whole  of  the  intrapolar  portion  of  the 
electrotonic  nerve  is  incapable  of  conducting  an  impulse  (p.  760). 
Ascending  currents  cause  only  an  opening  contraction  for  the  same  reason. 
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With  a  certain  strength  of  current,  the  moscle  remains  tetanic  while 
the  current  is  closed  ('^closing  Uianus!") 

[The  law  of  amiradion  may  be  formulated  thus : — 


Strength  of  Cmrent 

Asoending. 

Deaoending. 

OnOlotlng. 

On  Opening. 

On  Closing. 

On  Opening. 

Weak, 

Medium, 

Strong, 

C 

c 

R 

B 
C 
C 

C 

c 
c 

R 
C 
R 

E  =  rest;  C  =  contraction.] 

II.  In  a  nerve,  while  dying  and  losing  its  excitability,  according  to 
the  Ritter-Yalli  law  (§  325,  7),  the  law  of  contraction  is  modified.  In 
the  stage  of  increased  excitability,  weak  currents  cause  only  closing  con- 
tractions with  both  directions  of  the  current.  In  the  following  stage, 
when  the  excitability  begins  to  diminish,  weak  currents  cause  opening 
and  closing  contractions  with  both  currents.  Lastly,  when  the  excita- 
bility is  very  greatly  diminished,  the  descending  current  is  followed  only 
by  a  closing  contraction,  and  the  ascending  by  an  opening  contraction 
<Ritter,  1829). 

III.  As  the  various  changes  in  excitability  occur  in  a  centrifugal 
direction  along  the  nerve,  we  may  detect  the  various  stages  simul- 
taneously at  different  parts  along  the  course  of  the  nerve.  According 
to  Valentin,  Fick,  CI.  Bernard,  and  Schiff,  the  living  intact  nerve  shows 
only  a  closing  contraction  with  both  directions  of  the  current,  and 
opening  contractions  only  with  very  strong  currents. 

Eckhard  observed  that,  on  opening  an  ascending  medium  current  applied  to  the 
hypoglossal  nerve  of  a  rabbit,  one-half  of  the  tongue  exhibited  a  trembling  move- 
ment instead  of  a  contraction,  while  on  closing  a  descending  current,  the  same 
result  occurred  (§  297,  3). 

According  to  Pflager,  the  molecules  of  the  passive  nerve  are  in  a  certain  state  of 
medium  mobility.  In  cathelectrotonus  the  mobility  of  the  molecules  is  increased, 
in  anelectrotonus  diminished. 

B.  The  law  for  inhibitory  nerves  is  similar.  Moleschott,  v.  Bezold, 
and  Donders  have  found  similar  results  for  the  vagus,  with  this 
difference,  that,  instead  of  the  contraction  of  a  muscle,  there  is  in- 
hibition of  the  heart. 

C.  For  sensory  nerves  also  the  result  is  the  same,  but  we  must 
remember  that  the  perceptive  organ  lies  at  the  central  end  of  the  nerve, 
while  in  a  motor  nerve  it  (muscle)  is  at  the  periphery.  Pfliiger  studied 
the  effect  of  closing  and  opening  a  current  on  sensory  nerves^  by 
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observing  the  reflex  movemerU  which  resulted.  JFeak  currents  cause 
only  closing  contractions ;  mediwm  currents,  both  opening  and  closing 
oontractions;  descending  sirong  currents  only  opening  contractions;  and 
ascending,  only  closing  contractions.  JFeak  currents  applied  to  the 
human  skin  cause  a  sensation  with  both  directions  of  the  current  only 
at  closing;  strong  deseeding  currents,  a  sensation  only  at  opening;  strong 
ascending  currents,  a  sensation  only  at  closing  (Marianini,  Matteucci). 
When  the  current  is  closed  there  is  prickly  feeling,  which  increases 
with  the  strength  of  the  current  (Yolta).  Analogous  phenomena  have 
been  observed  in  the  sense  organs  (sensations  of  light  and  soxmd)  by 
Yolta  and  Eitter. 

D.  In  muscle,  the  law  of  contraction  is  proved  thus — ^by  fixing  one 
end  of  the  muscle,  keeping  it  tense,  so  that  it  cannot  shorten,  and 
opening  and  closing  the  current  at  this  end.  The  end  of  the  muscle 
which  is  free  to  move,  shows  the  same  law  of  contraction  as  if  the 
motor  nerve  was  stimulated  (v.  Bezold).  On  closing  the  current,  the 
contraction  begins  at  the  cathode;  on  opening,  at  the  anode  (Engelmann). 
E.  Hering  and  Biedermann  showed  more  clearly  that,  both  the  closing 
and  opening  contractions  are  purely  polar  effects ;  when  a  weak  current 
applied  to  a  muscle  is  closed,  the  first  effect  is  a  small  contraction 
limited  to  the  cathodic  surface  of  the  muscle.  Increase  of  the  current 
causes  increased  contraction^  which  extends  to  the  anode,  but  which  is 
weaker  there  than  at  the  cathode;  at  the  same  time,  the  muscle  remains 
contracted  during  the  time  the  current  is  closed.  On  opening,  the  con- 
traction begins  at  the  anode;  even  after  opening,  the  muscle  for  a  time 
may  remain  contracted,  which  ceases  on  closing  the  current  in  the  same 
direction. 

By  killing  the  end  of  a  muacle  in  various  ways,  the  excitability  is  diminished 
near  this  part.  Hence,  at  such  a  place  the  polar  action  is  feeble  (van  Loon  and 
Engelmann,  Biedermann).  Touching  a  part  with  extract  of  flesh,  potash,  or 
alcohol  diminishes  locally  the  polar  action,  while  soda  salts,  and  veratrin  increase 
it  (Biedermann). 

Closing  Continued  Contractioil. — The  moderate  continued  contraction,  which 
is  sometimes  observed  in  a  muscle  while  the  current  is  closed  (Fig.  248,  0), 
depends  upon  the  abnormal  prolongation  of  the  closing  contraction  at  the  cathode 
when  a  strong  stimulus  is  used,  or  during  the  stage  of  dying,  or  in  cooled  winter 
frogs;  sometimes  the  opening  of  the  current  is  accompanied  by  a  similar  contrac- 
tion proceeding  from  the  anode  (Biedermann).  This  tetanus  is  also  due  to  the 
summation  of  a  series  of  simple  contractions  (§298,  IQ).  By  acting  on  a  muscle 
with  a  2  per  cent,  saline  solution  containing  sodic  carbonate,  the  duration  of  the 
contraction  is  increased  considerably,  and  occasionally  the  muscle  shortens  rhyth- 
mically (Biedermann). 

If  the  whole  muscle  is  placed  in  the  circuit,  the  closing  contraction 
is  strongest  with  both  directions  of  the  current;  during  the  time  the 
current  is  closed,  a  continued  contraction  is  strongest  when  the  current 
is  ascending  (Wundt). 
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Bitter's  Opening  Tetanns. — ^If  a  nerve  or  muscle  be  traversed  by  a 
constant  current  for  some  time,  we  often  obtain  a  prolonged  tetanus, 
after  opening  the  current  (Eitter's  opening  tetanus,  1798).  It  is  set 
aside  by  dosing  the  original  current,  while  closing  a  current  in  the 
opposite  direction  increases  it  ("FoUa's  dternative'').  The  continued 
passage  of  the  current  increases  the  excitability  for  the  opening  of 
the  current  in  the  same  direction,  and  for  the  closing  of  the  reverse 
current;  conversely,  it  diminishes  it  for  the  closing  of  the  current  in  the 
same  direction,  and  for  the  opening  of  the  reverse  current  (Yolta, 
Rosenthal,  Wundt). 

In  a  nerve-muscle  preparation  used  to  prove  the  law  of  contraction,  of  coarse, 
a  demarcation  current  is  developed  in  the  nerve  (§  334,  II.)*  If  an  artificial  weak 
stimulating  current  be  applied  to  such  a  nerve,  we  obtain  an  interference  efifect 
due  to  these  two  currents;  closing  a  weak  current  causes  a  contraction,  which, 
however,  is  not  properly  a  closing  contraction,  but  depends  upon  the  opening  of  a 
branch  of  the  demarcation  current;  conversely,  the  opening  of  a  weak  current  may 
excite  a  contraction,  which  is  really  due  to  the  closing  of  a  side  branch  of  the 
nerve-current  in  a  secondary  circuit  through  the  electrodes  (Hering,  Biedermann, 
Griitzner).  According  to  GrUtzner  and  Tiegerstedt,  the  cause  of  the  opening 
contraction  is  partly  due  to  the  occurrence  of  polarising  after  currents  (§  333). 

Engelmann  and  Griinhagen  explain  the  occurrence  of  opening  and  closing 
tetanus,  thus-^as  due  to  latent  stimulations,  drying,  variations  of  the  temperature 
of  the  prepared  nerve,  which  of  themselves  are  too  feeble  to  cause  tetanus,  but 
which  become  effective  if  an  increased  excitability  obtains  at  the  cathode  after 
closure,  and  at  the  anode  after  opening  the  current. 

Biedermann  showed  that,  under  certain  conditions,  two  successive  opening 
contractions  can  be  obtained  in  a  frog's  nerve-muscle  preparation,  the  second  and 
later  one  corresponding  to  Bitter's  tetanus.  The  first  of  these  contractions  is  due 
to  the  disappearance  of  anelectrotonus  in  Pfluger's  sense,  the  second  is  explained, 
like  Bitter's  opening  tetanus,  in  Engelmann  and  GrUnhagen's  sense. 

Fleischl's  Law  of  Contraction. — v.  Fleischl  and  Strieker  have  stated  a 
different  law  in  respect  to  the  fact  that  the  excitability  varies  at  certain  points  in 
the  course  of  a  nerve.  The  sciatic  nerve  is  divided  into  three  areas : — (1) 
stretches  from  the  muscle  to  the  place  where  the  branches  for  the  thigh  muscles 
are  given  off;  (2)  from  here  to  the  intervertebral  ganglion;  (3)  from  here  into 
the  spinal  cord.  Each  of  these  three  areas  consists  of  two  parts  ("upper  and 
lower  pole"),  which  adjoin  each  other  at  an  equator.  In  each  upper  pole,  the 
excitability  of  the  nerve  is  greater  for  descending  currents,  and  in  each  lower  pole 
for  ascending  ones.  At  each  equator,  the  excitability  of  the  nerve  is  the  same  for 
ascending  and  descending  currents.  The  difference  in  the  activity,  due  to  the 
direction  of  the  current,  is  greater  for  each  stretch  of  nerve  the  greater  this 
stretch  is  distant  from  the  equator.  The  excitability  is  less  at  those  points  of  the 
nerve  where  the  three  areas  join  each  other. 

337.  Rapidity  of  Transmission  of  Nervous 

Impulses. 

1.  If  a  motor  nerTe  be  stinmlated  at  its  central  end,  an  impulse  is 
transmitted  along  the  nerve  to  the  muscle  with  a  certain  velocity, 
which  is  about  27^  metres  [about  90  feet]  per  second  (v.  Helmholtz), 
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and  for  the  human  motor  nerves  33*9  [100-120  feet  per  second]  (v. 
Hehnholtz  and  Baxt). 

The  velocity  is  less  in  the  vlflceral  nerveBy  e.g,,  in  the  pharyngeal  branches  of 
the  vagus  8'2  metres  [26  feet]  (Chauvean);  in  the  motor  nerves  of  the  lobster 
6  metres  [18  feet]  (Fr^^rioq  and  van  der  Velde). 

ModiQring  ConditionB. — The  velocity  is  inflnenced  by  various  con- 
ditions: Temperature — ^It  is  lessened  considerably  by  cold  (v.  Hehnholtz), 
but  both  high  and  low  temperatures  of  the  nerve  (above  or  below  15°- 
25°C.)  lessen  it  (Steiner  and  Trojtzky);  also  cwrara,  the  eledrotonic 
condition  (v.  Bezold);  or  only  anelectrotonus,  while  cathelectrotonus 
increases  it  (Rutherford,  Wundt).  It  varies  also  with  the  length  of 
the  conducting  nerve,  but  it  increases  with  the  strength  of  the  stimulus 
(v.  Helmholtz  and  Baxt),  although  not  at  first  (v.  Vintschgau). 

Methods* — l*  v.  Helmholtz  (1850)  estimated  the  vebcity  of  the  nerve-impulse  in  a 
frog's  motor  nerve,  after  th^  method  of  Pouillet.  The  method  depends  upon  the  fact 
that  the  needle  of  a  galvanometer  is  deflected  by  a  current  of  very  short  duration ;  the 
extent  of  the  deflection  being  proportional  to  the  duration  and  strength  of  the 


V.  Helmholtz*s  method  of  estimating  the  velocity  of  propagation  of  a  nerve- 
impulse  in  a  nerve. 

current.  The  apparatus  is  so  arranged  that  the  *' time-marking  current"  is 
closed  at  the  moment  the  nerve  is  stimulated,  and  opened  again  when  the  muscle 
contracts.  If  the  nerve  attached  to  a  muscle  be  now  stimulated  at  the  further 
point  from  the  muscle,  and  a  second  time  near  its  entrance  to  the  muscle,  then  in 
the  latter  case,  the  time  between  the  application  of  the  itimuhui  and  the  beginning 
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of  the  contraction  of  the  moscle, ».«.» the  deflection  of  the  galvanometer,  will  be 
less  than  in  the  former  case,  as  the  impulse  has  to  traverse  the  whole  length 
of  the  nerve  to  reach  the  muscle.  The  difference  between  the  two  times 
is  the  time  required  by  the  impulse  to  traverse  a  given  distance  of  nerve. 
Fig.  307  shows  in  a  diagrammatic  manner  the  arrangement  of  the  experiment. 
The  galvanometer,  G,  is  placed  in  the  time-marking  circuit  (open  at  first),, 
a,  b  (element),  c  (piece  of  platinum  on  a  key,  W),  introduced  into  the  time- 
marking  circuit,  d,  e,  ff  h.  The  circuit  is  made  by  closing  the  key,  S, 
when  d  depresses  the  platinum  plate  of  the  key,  W.  At  once,  when  the 
current  is  dosed,  the  magnetic  needle  is  deflected,  and  its  extent  noted.  At 
the  same  moment  in  which  the  current  between  e  and  d  is  closed,  the  primary 
circuit  of  the  indueiion  machine  is  opened,  the  circuit  being  i,  k,  I  (element), 
m,  0  (primary  spiral),  p.  Thereby  an  opening  shock  is  induced  in  the  secondary 
spiral,  R,  which  stimulates  the  nerve  of  the  frog's  leg  at  n.  Thus,  the  clos- 
ing of  the  galvanometer  circuit  exactly  coincides  with  the  stimulation  of  the 
nerve.  The  impulse  is  propagated  through  the  nerve  to  the  muscle,  M,  and  the 
latter  contracts  when  the  impulse  reaches  it,  at  the  same  time  opening  the  time- 
ineasuring  circuit  at  the  double  contact,  e  and  /,  by  raising  the  lever,  H,  which 
rotates  on  x.  At  the  moment  of  opening,  the  further  deflection  of  the  magnetic 
needle  ceases.  The  contact  at/  is  made  by  a  pointed  cupola  of  mercury.  When 
the  lever,  H,  fiJls  after  the  contact  of  the  muscle,  so  that  the  point,  e,  comes 
into  contact  with  the  underlying  solid  plate,  y,  the  contact  at /still  remains  open, 
t.e.,  through  the  galvanometer  circuit.  If  the  nerve  be  stimulated  with  the 
opening  shock,  first  at  n,  and  then  at  N,  the  deflection  of  the  needle  is  greater 
in  the  former  than  in  the  latter  case.  From  the  difference,  we  calculate  the  time 
for  the  oondoction  of  the  impulse  in  the  stretch  of  the  nerve  between  n  and  N. 

[2.  A  simpler  method  is  that  shown  in  the  scheme,  Fig.  308.    Use  a 
pendulum  or  spring  myograph  (Fig.  242),  and  suspend  a  frog's  gastroc- 


Fig.  308. 

Scheme  of  the  arrangement  for  measuring  the  velocity  of  nerve-energy  in  a  nerve — 
/,  clamp  for  femur ;  m,  muscle  ;  N,  nerve ;  a,  near  muscle ;  6,  removed  from 
it ;  C,  conunutator ;  II,  secondary ;  I,  primary  spiral  of  induction  machine ; 
B,  battery ;  2,  1,  key  ;*3,  tooth  on  the  smoked  plate  P. 

nemius  (m),  with  a  long  portion  of  the  sciatic  nerve  (N)  dissected  out,  by 
fixing  the  femur  in  a  clamp  (/),  while  the  tendo  achilles  is  fixed  to  a 
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lever,  which  inscribes  its  moTements  oa  the  smoked  glass  plate  (F)  of 
the  myograph;  place  the  key  of  the  myograph  (2)  in  the  circuit  with  the 
battery  (B),  and  the  primary  circuit  of  the  induction  machine  (I).  To 
the  secondary  coil  (II)  attach  two  wires,  and  connect  them  with  a  com- 
mntator  without  cross-baTS  (C).  Connect  the  other  binding  screws  of  the 
commutator  with  two  pairs  of  wires,  arranged  so  that  one  pair  can 
stimulate  the  n^ve  near  the  muscle  (a),  and  the  other  at  a  distance 
from  it  (b).  When  the  glass  plate  swings  from  one  side  to  the  other,  the 
tooth  (3)  on  its  framework  opens  the  key  (2)  in  the  primary  circuit, 
and  if  the  commutator  be  in  the  position  indicated,  then  the  induced 
cuneut  will  stimulate  the  uerve  at  a,  and  a  curve  will  be  obtained  on 
the  glass  plate.  Rearrange  the  pendulum  as  before,  but  turn  the  handle 
of  the  commutator,  and  allow  the  pendulum  to  swing  again.  This 
time  the  induced  current  will  stimulate  the  nerve  at  b,  and  a  second 
contraction  a  litlU  later  than  the  first  one  will  be  obtained.     Register  the 


I,  Curve  obtained  on  athnulkting  a  nerve  (man)  neu  the  mnsde;  2,  when  th» 
■timnin*  was  applied  to  the  nerve  at  a  distanoe  from  the  muMtle ; 
of  a  tnning-fork  (2S0  per  aecood^darey). 


velocity  of  the  swing  by  means  of  a  tuning-fork,  and  the  curve  obtained 
will  be  something  like  Fig.  309,  although  this  curve  was  obtained  on  a 
cylinder  travelling  at  a  uniform  rate.  The  difference  between  the 
beginning  of  the  a  and  b  curves,  indicates  the  time  that  the  nerve- 
impulse  took  to  travel  from  fi  to  a.  This  time  is  measured  by 
the  ttming-Fork,  and  if  the  distance  between  the  points  a  and  b  is 
known,  then  the  calculation  is  a  simple  one.  Suppose  the  stretch  of 
nerve  between  a  and  &  to  be  two  inches,  and  the  time  required  by  the 
impulse  to  travel  from  5  to  a  to  be  t^jj  second,  then  we  have  the 
simple  calculation — 2  inches  :  12  inches  ::  :j-sij"  :  ^",  or  80  feet 
per  second.  In  Fig,  309,  the  experiment  was  made  on  man;  the  curve 
1  was  obtained  by  stimulating  the  nerve  near  the  muscle,  and  2  when 
the  nerve  was  stimulated  at  a  distance  of  30  centimetres.  The  interval 
between  the  vertical  lines  corresponds  to  x^  second,  i,e.,  the  time' 
required  by  the  n^rve-impnlse  to  pass  along  30  centimetres  of  nerve, 
which  is  equal  to  a  velocity  of  30  metres  (90  feet)  per  second.] 
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In  maa,  v.  Helmholtz  and  Bast  estimated  the  yelodty  of  the  impnlfle  in  the 
median  nerve,  by  causing  the  muscles  of  the  ball  of  the  thumb  to  write  off  their 
'contractions,  on  a  rapidly  revolving  cylinder.  [In  this  case,  the  pince  myographique 
of  Marey  (p.  646)  may  be  used.  The  ends  of  the  pince  are  applied  so  as  to  embrace 
the  ball  of  the  thumb,  so  that  when  the  muscles  contract,  the  increase  in  thickness  of 
the  muscles  expands  the  pince,  which  acts  on  a  Marey's  tambour,  by  which  the 
movement  is  transmitted  to  another  tambour  provided  with  a  writing-style,  and 
inscribing  its  movements  upon  a  rapidly  moving  surface,  either  rotatory  or  swinging.] 
The  nerve  is  stimulated  at  one  time  in  the  axilla,  and  again  at  the  wrist.  Two 
curves  are  obtained,  which,  of  course,  do  not  begin  at  the  same  time.  The 
difference  in  time  between  the  beginning  of  the  two  curves,  is  the  time  taken  by 
the  impulse  to  traverse  the  above-mentioned  length  of  nerve.  [The  time  is  easily 
ascertained  by  causing  a  tuning-fork  of  a  known  rate  of  vibration  to  write  its 
movements  under  the  curves.] 

3.  In  the  sensory  nerves  of  man,  the  velocity  of  the  impulse  is 
probably  about  the  same  as  in  motor  nerves.  The  rates  given  vary 
between  94-30  metres  [280-90  feet]  per  second  (v.  Helmholtz,  Kohl- 
rausch,  v.  Wittich,  Schelske,  and  others).' 

Method. — ^Two  points  are  chosen  as  far  apart  as  possible,  and  at  unequal 
distances  from  the  brain,  and  they  are  successively  excited  by  a  momentary 
stimulus— €.^.,  an  opening  induction  shock  applied  successively  to  the  tip  of  the 
ear  and  the  great  toe.  The  moment  the  stimulus  is  applied,  it  is  indicated  on  the 
registering  surfitce.  The  person  experimented  on  is  provided  with  a  key  attached 
to  an  electric  arrangement,  by  which  he  can  mark  on  the  registering  surface  the 
moment  he  feels  the  sensation  in  each  case. 

Beaction  Time.— The  time  which  elapses  between  the  application  of  the 
atimulus  and  the  reaction  is  called  the  ^^ reaction  time"  It  ia  made  up  of  the 
time  necessary  for  conduction  in  the  sensory  nerve,  that  for  the  process  of  per- 
ception in  the  brain,  the  conduction  in  the  motor  nerves  to  the  muscles,  by  which 
the  signs  on  the  registering  surface  were  made,  and  lastly  by  the  latent  period 
{p.  647).     The  reaction  time  is  usually  about  0*125-0*2  second. 

Pathological. — The  conduction  in  the  cutaneous  nerves  is  sometimes  greatiy 
delayed,  in  alterations  of  the  cutaneous  sensibility  in  certain  diseases  of  the  spinal 
•cord  (§  364).  The  senaatUm  itself  may  be  unchanged.  Sometimes  only  the  conduc- 
tion for  painful  impressions  is  retarded,  so  that  a  painful  impression  on  the  skin  is 
first  perceived  as  a  tactile  sensation,  and  afterwards  as  pain,  or  conversely. 
When  the  interval  of  time  between  these  two  sensations  is  long,  then  there  is 
a  distinctiy  double  sensation  (Naunyn,  Remak,  Eulenbuig). 

It  is  rarely  that  voluntary  movements  are  executed  much  more  slowly  from 
causes  depending  on  the  motor  nerves,  but  occasionally  the  time  between  the 
voluntary  impulse  and  the  contraction  is  lengthened,  but  there  may  be  in  addition 
slower  or  longer  continued  contraction  of  the  muscle.  In  tabes  doraalis  or  looo- 
motor  ataxia,  the  discharge  of  reflex  movements  is  delayed ;  it  is  slower  with  heat 
stimuli  (60'^  than  with  cold  ones  (5''C.— Ewald). 

338.  Double  Conduction  in  Nerves. 

Conductivity  is  that  property  of  a  living  nerve  in  virtue  of  which, 
on  the  application  of  a  stimulus,  it  transmits  an  imptUse.  [The  naiure  of 
a  nerve-impulse  is  entirely  unknown,  but  we  may  conveniently  term 
the  process,  nerve-motion.]      The  conductivity  is  destroyed  by  all  in- 
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flaences  or  conditions  which  injure  the  nerve  in  its  corUinuUy  (section 
ligature,  compression^  destruction  by  chemical  agents);  or  which  abolish 
the  excUdbilUy  at  any  part  of  its  course  (absolute  deprival  of  blood ; 
certain  poisons — e,g,^  curara  for  motor  nerves ;  also  strong  anelectro- 
tonus,  p.  760). 

Law  of  Isolated  ConductioiL — Conduction  always  takes  place  only 
in  the  continuity  of  fibres,  the  impulse  never  being  transferred  to 
^joining  nerve-fibres. 

Double  ConductioiL — Although  apparently  conduction  in  motor 
nerves  takes  place  only  in  a  centrifugal  direction  towards  the  muscles, 
and  in  sensory  nerves  in  a  cerUripetcU  direction — Le.,  towards  the  centre; 
nevertheless,  experiment  has  proved  that  a  nerve  conducts  an  impulse  in 
hath  directions.  If  a  pure  motor  or  sensory  nerve  be  stimulated  in  its 
course,  an  impulse  is  propagated  at  the  same  time  in  a  centrifugal  and  in 
a  centripetal  direction.     This  is  the  phenomenon  of  ^'doubk  conduction.^' 

ProofB. — 1.  If  a  nerve  be  stimulated,  its  ekdro-moHve  properiies  are 
^tffected  both  above  and  below  the  point  of  stimulation  (see  Negative 
Variation  in  Nerves,  p.  754). 

2.  Union  of  Motor  and  Sensory  Nerves. — ^If  the  hypoglossal  and 
lingual  nerves  be  divided  in  a  dog,  and  if  the  peripheral  end  of  the 
hypoglossal  be  stitched,  so  as  to  unite  with  the  central  end  of  the 
lingual  (Bidder),  then,  several  months  after  the  union  and  restitu- 
tion of  the  nerves,  stimulation  of  the  central  end  of  the  lingual  causes 
contraction  in  the  corresponding  half  of  the  tongue.  Hence,  it  has 
been  assumed  that  the  lingual,  which  is  the  sensory  nerve  of  the  tongue, 
must  conduct  the  impulse  in  a  peripheral  direction  to  the  end  of  the 
hypoglossal 

This  experiment  is  not  conclusive,  as  the  trunk  of  the  lingual  receives  high  up, 
the  centrifugal  fibres  from  the  seventh — ^viz.,  the  chorda  tympani,  which  may 
unite  with  those  of  the]  hypoglossal  Further,  if  the  chorda  be  divided  and 
allowed  to  degenerate  before  the  above  described  experiment  is  made,  then  no 
contractions  occur  on  stimulating  the  lingual  above  the  point  of  union  (§  349). 

3.  Bert's  Experiment. — Paul  Bert  removed  the  skin  from  the  tip  of 
the  tail  of  a  rat,  and  stitched  it  into  the  skin  of  the  back  of  the  animal, 
where  it  united  with  the  tissues.  After  the  first  union  had  taken  place, 
the  tail  was  then  divided  at  its  base,  so  that  the  tail,  as  it  were,  grew 
out  of  the  skin  on  the  back  of  the  animal  On  stimulating  the  tail,  the 
animal  exhibited  signs  of  sensation,  so  that  the  impulses  in  the  sensory 
nerves  must  have  traversed  the  nerves  from  the  base  to  the  tip  of 
the  tail  (p.  730). 

4.  Electrical  Nerves. — If  the  free-end  of  the  electrical  centrifugal 
nerves  of  the  malapterurus  be  stimulated,  the  branches  given  off  above 
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the  point  of  atimulidioB  ure  also  excited,  so  that  the  whole  electricEtl 
organ  may  discharge  its  electricity  (Babuchin,  Mantey). 


339.  Therapeutic  Applications  of  Electricity— 
Reaction  of  Degeneration. 

Electricity  a  frequently  employed  for  therapeutical  purpose!,  the  rapidly 
interrupted  current  of  the  induction  machine,  or  /aradic  atrrtnt  (p.  746),  being- 
freqnaitly  uaed  {especially  since  Dachenne,  1S47),  the  magneto-eUetrieal  apparatus- 
(p.  747),  and  the  txtra  airrmt  apparatiiB  (p.  742).  The  eoMtant  or  golTanic  corrent 
it  aba  luwd— p.  737  (eipeoi*Uy  since  Bemak,  1855). 

I.  In  paralyilB,  faradK  cmrents  are  applied  either  to  the  moadea  themselves 
(Dnchenne),  orthepointeoFentnuce  of  the  motornerves  (t.  Ziemaeen),  bymBanaaf 
HuitaWe  electrodes,  or  rheophorta  covered  with  sponge,  &o.,  and  moistened.  Direc- 
tions are  given  at  p.  630,  for  determining  the  poaitian  of  entrance  of  the  nerve. 

[BkeopboreR.— Many  difierent  forma  are  used  according  to  tiie  organ  or  put 
to  be  stimulated,  or  the  effect  desired.  When  electricity  is  applied  to  the  akin  to- 
remove  onieethesia,  hypenesthesia,  or  altered  sensibility,  <*»^  ^^^  deeire  to  limit 
the  affect  to  the  skin  alone,  then  the  rbeophores  are  applied  dry,  and  are  nsually 
made  of  metal.  If,  however,  deeper-aeated  structures,  as  muscles  or  nBrve-tnmka 
are  to  be  affected,  the  skin  muat  be  well  moulaitd  and  softened  by  sponging  with 
warm  water,  while  the  rheophores  are  fitted  with  sponges  moistened  with  common 
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Fig.  310. 
Double  sponge  rheophor 

ealt  and  water,   which  diminish ( 

alactricity.] 


Fig.  311. 

Disk  rbeophore. 

tea  the  resistance  of  the  s 


Fig.  812. 
Metallic  brash  (Weiss). 


KFFECT  or  THE  CONSTAllT  CUBRBHT. 


In  ftradiwpg  the  pttnlyMd  miucie,  the  object  u  to  canao  irtificUlVoTenient*  in 
it,  and  thos  prevent  the  degeneration  which  it  would  otherwise  ondecgo,  matkj 
from  inaction.  If  in  addition  to  the  motor  nerves,  ita  trophic  nerves  are  ftlso 
parsljsed,  then  a  mnscle  atrophies,  notwithttanding  the  Graduation  (£  32S,  4). 


The  Pigi.  313,  314,  316,  and  316,  indicate  the  posiUons  of  the  motor  point*  of 
the  eitremities,  where,  hj  stimulating  at  the  entrance  of  the  nerve,  each  maicl« 
ratty  be  caused  to  contract  singlj.  In  S  349,  the  motor  points  of  the  bee,  and  in 
§347,  those  of  the  neck,  are  indicated. 

The  nse  of  the  induced  current  also  improves  a  paralysed  muscle,  as  it  increases 
the  btood-^tam  through  it,  while  it  affects  the  mtlaboiuim  of  the  muscle  reflexlj. 
Id  addition,  weak  cnrrents  may  restore  the  excitability  of  enfeebled  nerve* 
(v,  Bezold,  Eugelinanu). 

^e  constant  cnireilt  niay  be  employed  as  a  Btimnlns,  when  it  is  closed  and 
Opened  in  the  form  of  an  inttrrupUd  cnrrent,  .by  altering  its  direction,  and 
tDcreasing  or  diminishing  its  intendty,  bnt  it  also  caasei  a  polar  action. .  On 
doting  the  cnrrent,  the  nerve  at  the  cathode  is  atiniulatad;  similarly,  on  opening 
the  cnrrent,  at  the  imo(f«  (1336).  Thus,  when  the  cnrrent  is  closed,  the  oxcitabihty 
of  the  nerve  is  incresBod  at  the  cathode  (§  33S),  which  may  act  favourably  upon 
the  nerve.  Increased  excitability  in  electrotonus  at  the  anode,  although  feebler, 
has  been  observed  during  percutaneous  galvonieation  in  man.  This  in  especially 
the  case  by  repeatedly  reversing  the  current,  sometimes  also  by  opening  and 
doring,  or  Bven  with  a  uniform  current.  If  the  iucreoie  of  the  excitability  is 
obtained,  then  the  direction  of  the  cnrrent  increases  the  excitability  on  elating 
tbe  TevBrse  current,  and  on  opening  the  one  in  the  same  direction, 

SeStOrfttiTe  Eflbct^Fuither,  in  nsing  the  constant  current,  we  have  to 
oondder  its  reotoratiTe  effects,  Mpecially  when  it  is  oKxnding.     B.  Heidenhawi 
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ftrand,  that  feeble  Mid  iktigaed  tnnacles  r 
cuimt  throBgh  them. 


r  sAer  the  pMUge  of  a  conttant 


Lttftly,  the  conitant  onrrent  may  be  tuefnl  from  ita  eaialytie  or  eaiapborie  adicn 
(p.  742).  The  effect  is  directly  upon  the  tissiie  elements.  It  may  also  act  directly 
or  reflexly  upon  the  blood-  and  lymph-veMel*. 

Faradisatioil  in  Paralysis. —if  the  primary  cauw  of  the  paralysU  ii  in  the 
mnsclei  tlieDuelvet,  then  the  indxiced  currant  u  geuetally  applied  direoUy  to  the 
muscle*  themwlveB  by  meuu  of  sponge  etectrodes  (Fig.  310) ;  while,  if  the  motor 
nerrei  are  the  primary  seat,  then  Qte  electrodee  are  applied  over  them.  The 
current  used  mutt  be  only  of  vtry  modenUe  strength ;  strong  tetanic  contractioiu 
are  injurious,  and  so  is  too  prolonged  applioatioa  (Alb.  Enlenbnrg). 

Hie  galTanio  current  may  also  be  applied  to  the  miucles  or  to  their  motor 
nerve*,  oi  to  the  ceutrea  of  the  latter,  or  to  both  muscle  and  nerve  aimul- 
toneously.  As  a  rule,  the  cathode  is  placed  nearer  the  centre,  aa  it  increases  the 
excitability.  When  the  electrode  is  moved  along  the  coarse  of  the  nerre,  or  when 
the  ttrengtli  of  the  current  is  varied,  the  action  is  favoured.  If  the  seat  of  the 
lesion  is  in  the  central  nervous  system,  then  the  electrodes  are  applied  along  the 
vertebral  column,  or  on  the  vertebral  column  and  the  course  of  ths  nerves  at  the 
same  time,  or  one  on  the  head  and  the  other  on  a  point  as  near  as  possible  to  the 
•opposed  seat  of  the  lesion.  The  current  must  not  be  too  strong,  nor  applied  too 
long. 

Induced  c  Conitant  Current :  Reaction  of  Degeneration.— Paralysed 
nerve*  and  muscles  behave  quite  differently  as  regard  the  induotd  (rapidly  inter- 
rupted) aod  the  oonOaat  current.  This  is  called  the  "reaction  qf  degeHeration." 
We  most  remember  the  physiological  fact  that  a  dj/mg  nerve  attached  to  a 
CDDScle  (p.  731),  and  also  the  muscles  of  a  curarised  ».niniRl,  react  much  leas 
•tiongly  to  rapidly  interrupted  currents  than  &eah  non-cnrariMd  mnsclee.    Baiei- 
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ladi,  in  1SS9,  found  that  in  %  com  of  fadal  paraJyiia,  the  buiial  miuolei  contncted 
but  &ebly  to  the  induced  amrant,  but  vary  energetically  on  the  coiwttuit  cnrrent 
being  oaed.  The  excitability  for  the  cooituit  cnrrent  may  be  ftlmonnally  in- 
creased, bnt  may  disappear  on  recovery  taking  place.    According  t    " 


Motor  points  of  the  peroneal  and  tibial  nerrea  on  the  front  of  the  1^ ;  the  peroneal 
on  the  left,  the  tibial  on  the  right  (after  Eichborst). 

it  is  the  longer  deration  of  l^e  congtaot  cnrrent,  at  opposed  to  the  momentary 
doting  and  opening  of  the  indnced  cnrrent,  wliich  makes  the  contraction  of  the 
mnscle  possible.  If  the  constant  catrent  be  broken  as  rapidly  as  the  faradio 
current  is  broken,  then  the  constant  cnrrent  does  not  canse  contraction.  Con- 
versely, the  induced  cnrrent  may  be  tendered  effective  by  causing  it  to  last  longer. 
We  may  also  keep  the  primary  circuit  of  the  induction  machine  closed,  and  move 
the  secondary  spiral  to  and  fro  along  the  slots.  Thus  we  obtain  ilov  gradations  of 
the  induced  current,  which  act  energetically  npon  curarised  moscles  (Brtlcke). 
Hence,  in  stimnlating  a  mnscle  or  nerve,  we  liave  to  consider  not  only  the  itrtnglA, 
but  also  the  dtiration,  of  the  current,  just  as  the  deflection  of  the  m 
depends  upon  these  two  &ctorB. 
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[Ehdranio  vzoitabilitf  U  the  term  applied  to  the  andition  (rf  a  nerre  or 
MMHda  wheraby  it  responds  to  the  opening  or  cktaiiig  of  k  oontinnoiu  cnrrmt. 
Ibe  tffBota  differ  accordinig  m  the  onrrent  i«  opened  or  closed,  and  Moording  to  its 
ifcength.  Am  ft  rnla,  the  cathode  cvuea  a  ctm^actioD  chiefly  at  etosnie,  the 
anode  at  opening  the  cnneDt,  while  the  cathode  is  the  stronger  stimulus.  With 
a  weak  current,  the  cathode  produces  a  Biinple  contraction  on  closing  the  current, 
but  no  contraction  front  the  anode.    With  a  mediian  corrent,  we  get  with  the 


Hetoi  points  of  the  sciatic  nerre  and  ita  branchee;  the  peroneal  and  tibial  nerve* 
(after  Eicbhorst). 

caUiode  a  strong  cloiing  contraction  bat  no  opening  contraction,  while  the  anode 
euilee  feeble  opening  and  closing  conttacttoiu.  With  a  strong  current,  we  get 
with  the  cathode  a  tetanic  contraction  at  dosnre,  and  a  perceptible  contraction  at 
<fCBing,  while  with  the  anode  there  is  contraction  both  at  opening  and  oloeing.] 

[The  law  of  COntractioa  is  usually  expressed  by  the  following  formula  (Ross, 
after  Erb); — As  =  anode,  Ca  =  cathode,  C  =  ccntraction,  c  =  feeble  cantTacticai, 
C  =  strong  contraction,  8  —  closnre  of  current,  0  =  opening  of  current,  le  = 
tetimic  contraction — bo  that,  expieasing  the  above  atatenients  briefly,  we  have — 


Weakcun 
Medium 

Stron); 


Ca  S  C; 

Ca  S  U,  An  S  e,  An  O  c ; 

Ca  S  Te,  An  S  C,  An  0  C.  Ca  Oc] 
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[Typical  Seaddon  of  DogeneratioiL — ^When  the  reaction  of  the  nerve 
and  muscle  to  electrical  stimulation  is  altered  both  qmlUaiivdy  and  quaiif' 
iUatwdy,  we  have  the  reaction  of  degeneration,  which  is  characterised 
€ssentially  by  the  following  conditions]: — ^The  excitability  of  the  musdes 
is  diminished  or  abolished  for  the  faradic  current,  while  it  is  increased 
for  the  galvanic  current  from  the  3rd-58th  day;  it  again  diminishes, 
however,  with  variations,  from  the  72nd~80th  day;  the  anode  dosing 
contraction  is  stronger  than  the  cathode  closing  contraction.  The  con- 
tractions in  the  affected  muscles  occur  slowly  in  a  peristaltic  manner, 
and  are  local,  in  contrast  with  the  rapid  contraction  of  a  normal  muscle. 
The  diminution  of  the  excitability  of  the  nemes  is  similar  for  the 
galvanic  and  faradic  currents.  If  the  reaction  of  the  nerves  be  normal, 
while  the  muscle  during  direct  stimulation  with  the  constant  current 
exhibits  the  reaction  of  degeneration,  we  speak  of  "partial  reaction  of 
degeneration  "  (Erb),  which  is  constantly  present  in  progressive  muscular 
atrophy  (Erb,  Giinther). 

[The  ''reaction  of  degeneration''  may  occur  before  there  is  actual  paralyns,  as 
in  lead  poisoning.  When  it  occurs  we  have  to  deal  with  some  affection  of  the 
nerve-fibres,  or  of  the  trophic  nerve-cells.  When  it  is  established,  (1)  stimula- 
tion of  the  nerve  with  faradic  and  galvanic  electricity  does  not  cause  contcactian 
of  the  muscle ;  (2)  direct  faradic  stimulation  of  the  muscles  does  not  cause  con- 
traction; (3)  the  galvanic  current  usually  excites  contraction  more  readily  than  in 
a  normal  muscle,  so  that  the  muscle  responds  to  much  feebler  currents  than  act  on 
healthy  muscles,  but  the  contraction  is  longer  and  more  of  a  tonic  character,  and 
«hows  a  tendency  to  become  tetanic] 

[The  electrical  excitability  is  generally  unaffected  in  paralysis  of  cerebral  origin, 
And  in  some  forms  of  spinal  paralysis,  as  primary  lateral  sclerosis  and  transverse 
myelitis  (Ross),  but  the  "reaction  of  degeneration"  occurs  in  traumatic  paralysia, 
due  to  ii^ury  of  the  nerve-trunks,  neuritis,  rheumatic  facial  paralysis,  lead  pah^r 
and  in  affections  of  the  nerve-cells  in  the  anterior  comu  of  the  grey  matter  of  the 
epinal  cord.] 

In  rare  cases,  the  contraction  of  the  muscles,  caused  by  applying  a  faradic 
current  to  the  nerve,  follows  a  slow  peristaltic-like  course — ^*  faradic  reaciiaii  of 
degeneration "  (E.  Remak,  Kast,  Erb). 

n.  In  Various  Forms  of  Spasm  (spasms,  contracture,  muscular  tremor)  the 
constant  current  is  most  effective  (Remak).  By  the  action  of  anelectrotonus,  a 
pathological  increase  of  the  excitability  is  subdued.  Hence,  the  anode  ought  to  be 
Applied  to  the  part  with  increased  excitability,  and  if  it  be  a  case  of  reflex  spcum, 
to  the  points  which  are  the  origin  or  seat  of  the  increased  excitability.  Weak 
currents  of  uniform  intensity  are  most  effective.  The  constant  current  may  also 
be  useful  from  its  caiaphoric  action,  whereby  it  favours  the  removal  of  stimuli 
from  the  seat  of  the  irritation.  Further,  the  constant  current  increases  the  vo2tfit* 
iary  control  over  the  affected  muscles.  In  spasms  of  central  origin,  the  constant 
•current  may  be  applied  to  the  central  organ  itself  (Fig.  323). 

Faradisation  is  used  in  spasmodic  affections  to  increase  the  vigour  of  enfeebled 
antagonistic  muscles.  Muscles  in  a  condition  of  contracture  are  said  to  becomar 
more  extensible  under  the  influence  of  the  faradic  current  (Remak),  as  a  nonnaL 
muscle  is  more  excitable  during  active  contraction  (§  301). 

In  ctUaneous  ancssthesia,  Wie  faradic  current  applied  to  the  skin  by  means  of  hair-> 
brush  electrodes  (Fig.  312)  is  frequently  used.    When  using  the  constant  currentf  the 
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cathode  must  be  applied  to  the  parts  with  diminished  senaibility.  The  constant 
current  alone  is  applied  to  the  central  seat  of  the  lesion,  and  care  must  be  taken  to 
what  extent  the  occurrence  of  cathelectrotonus  in  the  centre  affects  the  occurrence 
of  sensation. 

ni.  In  HypenBBthesia  and  ITenralgiaBi  faradio  currents  are  applied  with 
the  object  of  over-stiniulating  the  hyper-sensitiye  parts,  and  thus  to  benumb 
them.  Besides  these  powerful  currents,  weak  currents  act  reflexly  and  accelerate 
the  blood-stream,  increase  the  heart's  action,  and  constrict  the  blood-vessels, 
while  itrong  currents  cause  the  opposite  effects  (O.  Naumann).  Both  may  bo 
useful. 

In  employing  the  conakaU  curretU  m  neuralgia  (Remak),  one  object  is  by  exciting 
anelectrotonus  in  the  hyper-sensitive  nerves,  to  cause  a  diminution  of  the  excita- 
biUiy.  According  to  the  nature  of  the  case,  the  anode  is  placed  either  on  the 
nerve-trunk,  or  even  on  the  centre  itself,  and  the  cathode  on  an  indifferent  part  of 
the  body.  The  catalytic  and  catapJioric  effects  also  are  most  important,  for  by 
means  of  them,  especially  in  recent  rheumatic  neuralgias,  the  irritating  inflam- 
matory products  are  distributed  and  conducted  away  from  the  part.  A  descending 
current  is  transmitted  continuously  for  a  time  through  the  nerve-trunk,  and  in 
recent  cases  its  effects  are  sometimes  very  striking.  Lastly,  of  course  the  con- 
stant current  may  be  used  as  a  cutaneous  atimulus,  while  the  faradic  current 
also  acts  reflexly  on  the  cardiac  and  vascular  activity. 

Recently,  Charcot  and  Ballet  have  used  the  electric  spark  from  an  electrical 
machine  in  cases  of  anesthesia,  fiEu;ial  paralysis,  and  paralysis  agitans.  In  some- 
cases  of  spinal  paralysis,  muscles  can  be  made  to  contract  with  the  electric  spark, 
which  do  not  contract  to  a  faradic  current. 

[Electricity  is  sometimes  used  to  distinguish  real  from  feigned  disease,  or  to* 
diBtiTiguish  death  from  a  condition  of  trance]. 

GalyanO-cantery.~The  electrical  current  is  used  for  thermal  purposes,  as  in 
the  galvano-cautery. 

Galyano-pnnctore.— The  electrolytic  properties  of  electrical  currents  are  em- 
ployed to  cause  coagulation  in  aneurisms  or  varix. 

[If  the  electrodes  from  a  constant  battery  in  action  be  inserted  in  an  aneurismal 
sac,  after  a  time  the  fibrin  of  the  blood  is  deposited  in  the  sac,  whereby  the  cavity 
of  the  aneurism  is  gradually  filled  up.  A  giJvanic  current  passed  through  defibri- 
nated  blood  causes  the  formation  of  a  coagulum  of  proteid  matter  at  the  positive 
pole  and  bubbles  of  gas  at  the  negative]. 


340.  Electrical  Charging  of  the  Body. 

Saussure  investigated  by  means  of  the  electroscope  the  ''charge"  of  a  person 
standing  on  an  insulated  stooL  The  phenomena  observed  by  him,  which  were 
always  inconstant,  were  due  to  the  friction  of  the  clothes  upon  the  skin.  Grardini, 
Hemmer,  Ahrens  (1817),  aud  Nasse  regarded  the  body  as  normally  charged  with 
positive  electricity,  while  SjSsten  and  others  regarded  it  as  negatively  charged. 
Most  probably  all  these  phenomena  are  due  to  friction,  and  are  modified  effects  of 
the  air  in  contact  with  the  heterogeneous  clothing  (Hankel). 

A  strong  charge  resulting  in  an  actual  spark  has  frequently  been  described* 
Cardanus  (1553)  obtained  sparks  from  the  tips  of  the  hair  of  the  head.  Ac- 
cording to  Horsford  (1837),  long  sparks  were  obtauied  from  the  tips  of  th» 
fingers  of  a  nervous  woman  in  Oxford,  when  she  stood  upon  an  insulated  carpet. 
Sparks  have  often  been  observed  on  combing  the  hair  or  stroking  the  back  o£ 
a  cat  in  the  dark.  Freshly  voided  urine  is  negatively  electrical  (Vasalli-Eandi^ 
Volta) ;  so  is  the  freshly  formed  web  of  a  spider,  while  the  blood  is  positive. 
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341.  Comparative— Historical. 

EloctriCAl  Fislies, — Some  of  the  most  iuterestizifi;  phenomena  connected  with 
animal  electricity  are  obtained  in  electrical  fishes,  of  which  there  are  about  fifty 
species,  indnding  the  electrical  eel,  or  OymnotUB  eUctrictu,  of  the  lagoons  of  tho 
region  of  the  Orinoco  in  South  America;  it  may  measure  over  seven  feet  in  length. 
The  Torpedo  marmorata  and  some  allied  species,  30-70  centimetres  [1-24  feet], 
in  the  Adriatic  and  Mediterranean,  the  McUapterurtu  eleclricus  of  the  Nile,  and 
the  Marmyrua  also  of  the  same  river.  By  means  of  special  electriecU  organs' 
(Redi,  1666),  these  animals  can  partly  voluntarily  (gymnotus  and  malapterurns), 
and  partly  reflexly  (torpedo)  give  a  very  powerful  electrical  shock.  The  electrical 
organ  consists  of  " compartments''  of  various  forms,  separated  from  each  other  by 
connective-tissue,  and  filled  with  a  jelly-like  substance,  which  the  nerves  enter  on^ 
one  surface,  and  ramify  to  produce  a  plexus.  From  this  plexus  there  proceed 
branches  of  the  axial  cylinder,  which  end  in  a  nucleated  plate,  the  "electrical 
plate"  (Billharz,  M.  Schulze).  When  the  ''electrical  nerves"  proceeding  to  th& 
organ  are  stimulated,  an  electrical  discharge  is  the  result. 

In  GynmotllBy  the  electrical  organ  consists  of  several  rows  of  columns  arranged 
along  both  sides  of  the  spinal  column  of  the  animal,  under  the  skin  as  f ar  aa 
the  tail.  It  receives  on  the  anterior  surfiice  several  branches  from  the  intercostal 
nerves.  Besides  this  large  organ,  there  is  a  smaller  one  lying  on  both  sides  above 
the  anal  fins.  Here  the  plates  are  vertical,  and  the  direction  of  the  electrical 
current  in  the  fish  is  ascending,  so  that  of  course  it  is  descending  in  the  sur- 
rounding water  (Faraday,  du  Bois-Reymond). 

In  MalftpternrUB)  the  organ  surrounds  the  body  like  a  mantle,  and  receives 
only  one  nerve-fibre  (p.  715),  whose  axis  cylinder  arises  near  the  medulla  oblongata 
from  one  gigantic  ganglionic  cell  (Bittharz),  and  is  composed  of  protoplasmic 
processes  (Fritsch).  The  plates  are  also  vertical,  and  receive  their  nerves  from 
the  posterior  surfiice.  The  direction  of  the  current  is  descending  in  the  fishr 
during  the  discharge  (du  Bois-Reymond). 

In  tiie  TorpedOf  the  oi^gan  lies  immediately  under  the  skin  laterally  on  each 
side  of  the  head,  reaching  as  far  as  the  pectoral  fins.  It  receives  several  nerves 
which  arise  from  the  lobus  electricus,  between  the  corpora  quadrigemina  and  tho 
medulla  oblongata.  The  plates  which  do  not  increase  in  number  with  the  growth 
of  the  animal  (Delle  Chiaje,  Babuchin)  lie  horizontally,  while  the  nerve-fibres  enter 
them  on  their  dorsal  surfaces;  the  current  in  the  fish  being  from  the  abdominal  to- 
the  dorsal  surface  (Galvani). 

It  is  extremely  probable  that  the  electric  organs  are  modified  muscles,  in  which 
the  nerve  terminations  are  highly  developed,  the  electrical  plates  corresponding  to* 
the  motorial  end-plates  of  the  muscular  fibres,  the  contractile  substance  having 
disappeared,  so  that  during  physiological  activity,  the  chemical  energy  is  changed 
into  electricity  alone,  while  there  is  no  "work"  done.  This  view  is  supported  by 
the  observation  of  Babuchin,  that  during  development,  the  organs  are  originally 
formed  like  muscles;  further,  that  the  organs  when  at  rest  are  neutral,  but  when 
active  or  dead,  add;  and  lastiy,  they  contain  a  substance  related  to  myosin  which 
coagulates  after  death  (§  295— Weyl).  The  organs  manifest  fatigue;  they  have  & 
"latent  period"  of  0*016  second,  while  one  shock  of  the  organ  (comparable  to- 
the  current  in  an  active  muscle),  lasts  0*07  second.  About  25  of  these  shocks  go 
to  make  a  discharge,  which  lasts  about  0*23  second.  The  discharge,  like  tetanus, 
is  a  discontinuous  process  (Marey).  Mechanical,  chemical,  thermal,  and  electrical 
stimuli  cause  a  discharge;  a  single  induction  shock  is  not  effective  (Sachs). 
During  the  electrical  discharge,  the  current  traverses  the  muscles  of  the  animal 
itself ;  the  latter  contract  in  the  torpedo,  while  they  do  not  do  so  in  the  gymnotus  and 
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malaptemras  daring  the  discharge  (Steiner).  A  torpedo  can  gi^e  about  50  shocks 
per  minute;  it  then  becomes  fatigued,  and  requires  some  time  to  recover  itself. 
It  may  only  partially  discharge  its  organ  (Al.  v.  Humboldt,  Sachs).  Cooling 
makes  the  organ  less  active,  while  heating  it  to  22^C.  makes  it  more  so.  The 
organ  becomes  tetanic  with  strychnin  (Becqnerel),  while  corara  paralyses  it  (Saohs). 
Stimulation  of  the  electrical  organ  of  the  torpedo  causes  a  dischaige  (Matteaod); 
•cold  retards  it,  while  section  of  the  electrical  nerves  paralyses  the  organ.  The 
electrical  fishes  themselves  are  but  slightly  affected  by  very  strong  inductioa 
shocks  transmitted  through  the  water  in  which  they  are  swimming  (du  Bois* 
Reymond).  The  substance  of  the  electrical  organs  is  singly  refractive ;  excised 
portions  give  a  current  during  rest,  which  has  the  same  direction  as  the  shock; 
tetanus  of  the  organ  weakens  the  current  (Sachs,  du  BolB-Reymond). 

Hifltorical, — Richer  (1672)  made  the  first  communication  about  the  gymnotus. 
Walsh  (1772)  made  investigations  on  the  torpedo,  on  its  discharge,  and  its  power 
of  communicating  a  shock.  J.  Davy  magnetised  particles  of  steel,  caused  a 
deflection  of  the  magnetic  needle,  and  obtained  electrolysis  with  the  electrical 
discharge.  Becquerel,  Brechet,  and  Matteucci  studied  tiie  direction  of  the  dis- 
oharge.  Al.  v.  Humboldt  described  the  habits  and  actions  of  the  gymnotus  of 
South  America. 

Hansen  (1743)  and  de  Sauvages  (1741)  supposed  that  electricity  was  the  active 
force  in  nerves.  The  actual  investigations  into  animal  electricity  began  with  G. 
AloisioGalvani  (1791),  who  observed  that  frogs*  legs  connected  with  an  electrical 
machine  contracted,  and  also  when  they  were  touched  with  two  different  metals. 
He  believed  that  nerves  and  muscles  generated  electricity.  Alessandro  Volta 
ascribed  the  second  experiment  to  the  electrical  current  produced  by  the  contact 
of  dissimilar  metals,  and,  therefore,  outside  the  tissues  of  the  frog.  The  contrac- 
tion without  metals  described  by  Galvani,  was  confirmed  by  Alex.  v.  Humboldt 
<1798).  Pfaff  (1793)  first  observed  the  effect  of  the  direction  of  the  current  upon 
the  contraction  of  a  f rog*s  leg  obtained  by  stimulating  its  nerve.  Bunzen  made  a 
.galvanic  pile  of  frogs'  legs.  The  whole  subject  entered  on  a  new  phase  with  the 
oonstruction  of  the  galvanometer,  and  since  the  classical  methods  of  du  Boia- 
Reymond — j.c.,  from  1843  onwards. 
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342.  Classification  of  Nerve-Fibres  according  to 

their  Function. 

As  nerve-fibres,  on  being  stimulated,  are  capable  of  conducting  im- 
pulses in  both  directions  (p.  770),  it  is  obvious  that  the  physiological 
position  of  a  nerve-fibre  must  depend  essentially  upon  its  relations  to  the 
peripheral  end-organ  on  the  one  hand,  and  its  central  connection  on  the 
other.  Thus,  each  nerve  is  distributed  to  a  special  area  within  which, 
under  normal  circumstances,  in  the  intact  body,  it  performs  its 
functions. 

L  Centrifiigal  or  Efferent  Nerves. 

(a.)  Motor. — Those  nerve-fibres  whose  peripheral  end-organ  consists 
of  a  musdey  the  central  ends  of  the  fibres  being  connected  with  nerve- 
cells  : — 

1.  Motor  fibres  of  striped  muscle  (§§  292-320). 

2.  Motor  nerves  of  the  heart  (§  57). 

3.  Motor  nerves  of  smooth  rntude,  e,g,,  the  intestine  (§  161).  The  vaao-motor 
nerves  are  specially  treated  of  in  §  371. 

(b.)  Secretory. — ^Those  nerve-fibres  whose  peripheral  end-organ  con- 
sists of  a  secretory  cell,  the  central  ends  of  the  fibres  being  connected 
with  nerve-cells. 

As  examples  of  secretory  nerves,  take  the  secretory  nerves  for  saliva  Q  145)  and 
those  for  sweating  (§  289,  IL).  It  is  to  be  remembered,  however,  that  these  fibres 
not  unfrequently  lie  in  the  same  sheath  with  other  nerve-fibres,  so  that  stimulation 
of  a  nerve  may  give  rise  to  several  results,  according  to  the  kind  of  nerve-fibres 
present  in  the  nerve.  Thus,  the  secretory  and  vaso-motor  nerves  of  glands  may  be 
excited  simultaneously. 

(c.)  Trophic. — ^The  end-organs  of  these  nerve-fibres  lie  in  the  tissues 
themselves,  and  are  as  yet  unknown.  These  nerves  are  called  trophic, 
because  they  are  supposed  to  govern  or  control  the  normal  metabolism 
of  the  tissues. 

Trophic  Influence  of  Nerves. — The  trophic  functions  of  certain  nerves  are 
referred  to  as  under :— On  the  influence  of  the  trigeminus  on  the  eye ;  on  the 
mucous  membrane  of  the  mouth  and  nose ;  on  the  face  (§  347) ;  on  the  influence  of 
the  vagus  on  the  lungs  (§  352) ;  motor  nerves  on  muscle  (§  307) ;  certain  central 
organs  upon  certain  viscera  (§  379). 
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Growth  of  Bones* — Section  of  certain  nerves  influences  the  growth  ofihe  hones, 
H.  Nasse  fonnd  that,  after  section  of  their  nerves,  the  bones  showed  an  absolute 
diminution  of  all  their  individual  constituents,  while  there  was  an  increase  of  the 
fat.  Section  of  the  spermatic  nerve  is  followed  by  degeneration  of  the  testicle 
(K61aton,  Obolensky).  After  extirpation  of  their  secretory  nerves,  there  is  degene- 
ration of  the  sub-mazillaiy  glands  (p.  288).  Section  of  the  nerves  of  the  oock's-comb 
interferes  with  the  nutrition  of  that  organ  (Legros,  Schifif).  Section  of  the  cervical 
sympathetic  nerve  in  ymtng^  growing  animals  is  foUowed  by  a  more  rapid  growth 
of  the  ear  upon  that  side  (Bidder,  Stirling,  Strieker),  also  of  the  hair  on  that  side 
(Schiff,  Stirling,  Sig.  Meyer) ;  while  it  is  said  that  the  corresponding  half  of  the- 
brain  is  smaller,  which,  perhaps,  is  due  to  the  pressure  from  the  dilated  blood- 
vessels (Brown-S^uard). 

Blood-TOBBOls.^Lewaschow  found  that,  continued  uninterrupted  stimulation 
of  the  sciatic  nerve  of  dogs,  by  means  of  chemical  stimuli,  [threads  dipped  in 
sulphuric  acid],  caused  hypertrophy  of  the  lower  limb  and  foot,  together  with 
the  formation  of  aneurismal  dilatations  upon  the  blood-vessels. 

Skin  and  Cntaneons  Appendages. — In  man,  stimulation  or  paralysis  of 
nerves,  or  degeneration  of  the  grey  matter  of  the  spinal  cord  (Jarisch),  is  not 
unfrequently  followed  by  changes  in  the  pigmentation  of  the  skin,  in  the  nails, 
in  the  hair  and  its  mode  of  growth  and  colour.  [Injury  to  the  brain,  as  by  a 
fall,  sometimes  results  in  paralysis  of  the  hair  follicles,  so  that,  after  such  an 
izgury,  the  hair  is  lost  over  nearly  the  whole  of  the  body].  Sometimes  there 
may  be  eruptions  upon  the  skin  apparently  traumatic  in  their  origin  (v.  B&ren- 
sprung,  L^loir).  Sometimes,  there  is  a  tendency  to  decubitus  (§  379),  and  in 
some  rare  cases  of  tabes,  there  is  a  peculiar  degeneration  of  the  joints  (Charcot's 
disease).  The  changes  which  take  place  in  a  nerve  separated  from  its  centre  are 
described  in  §  325. 

[Trophonenroses.— Some  of  the  chief  data  on  which  the  existence  of  trophic 
nerves  is  assumed  are  indicated  above.  There  are  many  pathological  conditions 
referable  to  diseases  or  injuries  of  nerves.] 

[Muscles. — As  is  well  known,  paralysis  of  a  motor  nerve  leads  to  simple  atrophy 
of  the  corresponding  muscle,  provided  it  be  not  exercised ;  but  when  the  motor 
ganglionic  cells  of  the  anterior  horn  of  the  grey  matter,  or  the  corresponding  ceUs 
in  the  cms,  pons,  and  medulla,  are  paralysed,  there  is  an  active  condition  of 
atrophy  with  proliferation  of  the  muscular  nuclei.  Progressive  muscuicar  atrophy^ 
or  wasting  palsy,  is  another  trophic  change  in  muscle,  whereby  either  individual 
muscles  or  groups  of  muscles  are  one  after  the  other  paralysed  and  become 
atrophied.  In  pseudo-hypertrophic  paraiysis,  there  is  cirrhosis  or  increased 
development  of  the  connective-tissue,  with  a  diminution  of  the  true  mus- 
cular elements,  so  that  although  the  muscles  increase  in  bulk,  their  power  is- 
diminished.] 

[CntaneOUS  Trophic  Affections. — Amongst  these  may  be  mentioned  the 
occurrence  of  red  patches  or  erythema,  urticaria  or  nettle-rash,  some  forms  of 
lichen,  eczema,  the  bullsB  or  blebs  of  i)emphigus,  and  some  forms  of  ichthyosis, 
each  of  which  may  occur  in  limited  areas  after  injury  to  a  nerve,  or  its  spinal  or 
cerebral  centre.  The  relation  between  the  eruption  and  the  distribution  of  a 
nerve  is  sometimes  very  marked  in  herpes  zoster,  which  frequently  follows  the 
distribution  of  the  intercostal  and  supraorbital  nerves.  Olossy  shin  (Paget, 
Weir  Mitchell)  is  a  condition  depending  upon  unpaired  nutrition  and  circulation, 
and  due  to  injuries  of  nerves.  The  skin  is  smooth  and  glossy  in  the  area  of  dis- 
tribution of  certain  nerves,  while  the  wrinkles  and  folds  have  disappeared.  In 
myxoBdena,  the  subcutaneous  tissue  and  other  organs  are  infiltrated  with,  while  the 
blood  contains  mudn.  The  subcutaneous  tissue  is  swollen,  and  the  patient  (adult 
woman)  looks  as  if  suffering  from  renal  dropsy.  There  is  marked  alteration  of 
the  cerebral  faculties,  and  a  condition  resembling  a  "cretinoid  state,"  occura 
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after  the  excision  of  the  thyroid  gland.    Victor  Hordey  has  shown  that  a  similar 
condition  ocean  in  monkeys  after  excision  of  the  thyroid  gland.] 

[Laycock  described  a  condition  of  nerwms  oedema,  which  occurs  in  some  cases  of 
hemiplegia,  and  apparently  it  is  independent  of  renal  or  cardiac  disease.] 

(There  are  alterations  in  the  colour  of  the  skin  depending  on  nervous  affections, 
including  localised  leucoderma,  where  circumscribed  patches  of  the  skin  are  devoid 
of  pigment.  The  pigmentation  of  the  skin  in  Addison's  disease  or  bronzed  skin, 
which  occurs  in  some  cases  of  disease  of  the  suprarenal  capsules,  may  be  partly 
nervous  in  its  origin,  more  especially  when  we  consider  the  remarkable  pigmenta- 
tion that  occurs  around  the  nipple  and  some  other  parts  of  the  body  during 
pregnancy,  and  in  some  uterine  and  ovarian  affections  (Laycock).] 

[In  ancBsthetic  leprosy,  the  anaesthesia  is  due  to  disease  of  the  nervous  structure, 
which  results  in  disturbances  of  motion  and  nutrition.  Amongst  other  remarkable 
changes  in  the  skin,  perhaps  due  to  trophic  conditions,  are  those  of  symmetrical 
and  local  gangrene^  and  a^mUe  decttbitus  or  bed-sores]. 

[Bed-sores. — Besides  the  simple  chronic  form,  which  results  from  over-pressure, 
bad  nursing,  and  inattention  to  cleanliness,  combined  with  some  defect  of  the 
nervous  conditions,  there  is  another  form,  acute  decubitus,  which  is  due  directly 
to  nerve  influence  (Charcot).  The  latter  usually  appears  within  a  few  hours  or 
days  of  the  cerebral  or  spinal  lesion,  and  the  whole  cycle  of  changes — ^from  the 
appearance  of  the  erythematous  dusky  patch  to  inflammation,  ulceration,  and 
gangrene  of  the  buttock — are  completed  in  a  few  days.  An  acute  bed-sore  may 
form  when  every  attention  is  paid  to  the  avoidance  of  pressure  and  other  unfavour- 
able conditions.  When  it  depends  on  cerebral  affections  it  begins  and  develops 
rapidly  in  the  centre  of  the  gluteal  region  on  the  paralysed  side,  but  when  it  is 
•due  to  disease  of  the  spinal  cord,  it  forms  more  in  the  middle  line  in  the  sacral 
region;  wMle  in  unilateral  spinal  lesions,  it  occurs  not  on  the  paralysed,  but  on 
the  anaesthetic  side,  a  fact  which  seems  to  show  that  the  trophic,  like  the  sensory 
fibres,  decussate  in  the  cord  (Roes).] 

[There  are  other  forms  due  to  nervous  disease,  including  symmetrical  gangrene, 
and  local  asphyxia  of  the  terminal  parts  of  the  body,  such  as  the  toes,  nose,  and 
external  ear,  caused  perhaps  by  spasm  of  the  small  arterioles  (Raynaud);  and  the 
stiU  more  curious  condition  of  perfontting  uker  o/thefooL] 

[Haemorrhage  of  nervous  origin  sometimes  occurs  in  the  skin,  including  those 
that  occur  in  locomotor  ataxia  after  severe  attacks  of  pain,  and  hcematoma  aurium, 
■or  the  insane  ear,  which  is  specially  common  in  general  paralytics.] 

(d.)  Inhibitory  nerves  axe  those  nerves  which  modify,  inhibit^  or 
suppress  a  motor  or  secretory  act  akeady  in  progress. 

Take  as  an  example,  the  effect  of  the  vagus  upon  the  action  of  the  heart. 
Stimulation  of  the  peripheral  end  of  the  vagus  causes  the  heart  to  stand  still  in 
diastole  (§  85) ;  the  effect  of  the  splanchnic  upon  the  intestinal  movements  (§  161). 
The  vaso-dilator  nerves,  or  those  whose  stimulation  is  followed  by  dilatation  of  the 
blood-vessels  of  the  area  which  they  supply,  are  referred  to  specially  in  §  237. 

n.  Centripetal  or  Afferent  Nerves. 

(a.)  Sensory  Nerves — (sensory  in  the  narrower  sense),  which  by 
means  of  special  end-organs  conduct  sensory  impulses  to  the  central 
nervous  system. 

(b.)  Nerves  of  Special  Sense. 

(c.)  Beflez  or  Ezcito-motor  Nerves.— When  the  periphery  of  one  of 
these  nerves  is  stimulated,  an  impulse  is  set  up  which  is  conducted  by 
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them  to  a  nerre-centre,  firom  whence  it  is  tranaferred  to  a  cenirifugal  or 
efferent  fibre,  and  the  mechaniBm  (I,  a,  b,  c,  d)  in  connection  with  the 

peripheral  end  of  this  efferent  fibre  is 
set  in  action;  thus  there  are  —  Bejkx 
motor,  Beflex  secretory,  and  Beflex  inhibitory 
fibres. 

[Fig.  317  shows  the  simplest  mechan- 
ism necessary  for  a  reflex  motor  act. 
The  impulse  starts  from  the  skin,  S, 
travels  up  the  nerve,  a/,  to  the  nerve- 
centre   or  nerve-cell,    N,  situate  in  the 

o  V         *       n     '    X       i.       spinal   cord,  where  it  is  modified  and 
Scheme  of  a  renez  motor  act—      x-  -^ 

S,  8kin;  of,  afferent  nenre;    transferred  to  the  outgoing  fibre,  e/,  and 
N,   nerve -cell;  ^,  efferent    conveyed  by  it  to  the  musde,  M.] 
fibre;  M,  mude. 

IIL  Intercentral  Nerves. 

These  fibres  serve  to  connect  ganglionic  centres  with  each  other,  as,  for 
example,  in  co-ordinated  movements,  and  in  extensive  reflex^act& 


Tlie  Cranial  Bferves. 


343.  I.  Nervus  Olfactoriua 

AnatomicaL^Tlie  three-sided,  prismatic,  iractuB  ol/aetorius  lying  in  a  groove  on 
the  under  surface  of  the  frontal  lobe,  arises  by  means  of  an  inner,  outer,  and  upper 
root,  from  the  tuber  olfactorium  (Fig.  321, 1).  The  tractus  swells  out  upon  the 
cribriform  plate  of  the  ethmoid  bone,  and  becomes  the  buUms  oyactorius,  which 
is  the  analogue  of  the  special  portion  of  the  brain  existing  in  diffierent  mam- 
mals with  a  well-developed  sense  of  smell  (Gratiolet).  From  twelve  to  fifteen 
olfactory  filaments  pass  through  the  foramina  in  the  cribriform  plate  of  the 
ethmoid  bone.  At  first,  they  lie  between  the  periosteum  and  the  mucous 
membrane,  but  in  the  lower  third  of  their  course^  they  enter  the  mucous  membrane 
of  the  regio  olfactoria.  The  bulb  consists  of  white  matter  below,  and  above  of 
grey  matter  mixed  with  smaU  spindle-shaped  ganglionic  cells.  Henle  describes 
six,  and  Meynert  eight  layers,  of  nervous  matter  seen  on  transverse  section. 

Fonctioa — It  is  the  only  nerve  of  smell.  Physiologically,  it  i& 
excited  only  .by  gaseous  odorous  bodies — (see  Sense  of  Smell,  §  420). 
Stimulation  of  the  nerve,  by  any  other  form  of  stimulus,  in  any  part  of 
its  course,  causes  a  sensation  of  smell.  Congenital  absence  or  section 
of  both  olfactory  nerves  abolishes  the  sense  of  smell  (easily  perfonned 
on  young  animals — ^Biffi), 
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Pathological — ^The  term  Hyperosniia  is  applied  to  cases  where  the  sense  of 
smell  is  excessively  and  abnormally  acute,  as  in  some  hysterical  persons,  and  in 
cases  where  there  is  a  purely  subjective  sense  of  smell,  as  in  some  insane  persons. 
The  latter  is  perhaps  due  to  an  abnormal  stimulation  of  the  cortical  centre 
{§  378,  rV.).  Byposmia  and  Atioemia  (i.e.,  diminution  and  abolition  of  the  sense 
of  smell)  may  be  due  to  mechanical  causes,  or  to  over-stimulation.  Strychnin. 
sometimes  increases,  whUe  morphia  diminishes,  the  sense  of  smell. 


344.  11.  Nervus  Opticus. 

Anatomical* —The  tractns  OpticUB  (Fig.  321,  II)  arises  by  a  number  of  fibres 
from  the  inner  grey  substance  of  the  thalamus  opticus,  and  the  anterior  corpora 
quadrigemina;  other  fibres  cover  these  structures  in  the  form  of  a  thin  plate  of 
nervous  matter.  The  corpora  geniculata  (Fig.  321,  i,  e)  form  ganglia,  intercalated, 
as  it  were,  in  the  course  of  certain  of  the  fibres.  Another  set  of  fibres,  quite 
distinct  from  the  foregoing,  passes  between  the  bundles  of  the  cms  cerebri,  and 
reaches  the  multicellular  nucleus  within  the  tegmentum  of  the  cms  (corpus 
subthalamicum).  Other  fibres  are  said  to  pass  to  the  spinal  cord,  directly  through 
the  medulla  oblongata,  without  the  intervention  of  any  grey  matter.  They  are  said 
by  Stilling  to  reach  as  far  as  the  decussation  of  the  pyramids.  According  to  thi» 
view,  the  optic  nerve  has  a  spinal  root,  which  explains  the  relation  of  stimulation. 
of  the  retina  to  the  dilator  of  the  iris. 

A  broad  bundle  of  fibres  passes  from  the  origin  of  the  optic  tract  to  the  cortieat 
ptycho-optic  centrej  at  the  apex  of  the  occipital  lobe  (Wernicke — 1 379,  IV.). 

The  Optic  Tract  bends  round  the  pedunculus  cerebri,  where  it  unites  with  ita 
fellow  of  the  opposite  side  to  form  the  chiasma, 

[CoxmectionB  of  Optic  Tract. — ^There  is  very  considerable  difficulty  in  ascer- 
taining the  exact  origin  of  all  the  fibres  of  the  optic  tract.  Although  as  yet- 
the  statement  of  Gratiolet  is  not  proved  that  the  optic  tract  is  directly  connected 
with  every  part  of  the  cerebral  hemisphere  in  man,  from  the  frontal  to  th& 
occipital  lobe,  still  the  researches  of  D.  J.  Hamilton  have  shown  that  its  connec- 
tions are  very  extensive.  It  is  certain  that  some  of  them  are  ganglionic— ue,^ 
connected  with  the  ganglia  at  the  base  of  the  brain,  while  others  are  cortical,  and 
form  connections  with  the  cortex  cerebri.  The  ganglionic  fibres  arise  from  the- 
corpora  geniculata,  pulvinar,  and  anterior  corpora  quadrigemina^  and  probably 
also  from  the  substance  of  the  thalamus.  The  cortical  fibres  join  tiie  ganglionic  to^ 
form  the  optic  tract.  According  to  D.  J.  Hamilton,  the  connection  with  the 
cortex  in  the /ron^oZ  region  is  brought  about  by  ''Meynert*B  commisstire."  The 
latter  arises  directly  from  the  lenticular-nucleus-loop,  decussates  in  the  lamina 
cinerea,  and  passes  into  the  optic  nerve  of  the  opposite  side.  The  lenticular- 
nucleus-loop  is  formed  below  the  lenticular  nucleus  by  the  junction  of  the  strisB 
medullares;  the  striie  medullares  form  part  of  the  fibres  of  the  internal  capsule, 
and  the  inner  capsule  is  largely  composed  of  fibres  descending  from  the  cortex. 
Hamilton  also  asserts  that  other  cortical  connections  join  the  tract  as  it  winds 
round  the  pedunculus  cerebri,  and  they  include  (a)  a  large  mass  of  fibres  coming 
from  the  motor  areas  of  the  opposite  cerebral  hemisphere,  crossing  in  the  corpus 
callosum,  entering  the  outer  capsule,  and  joining  tiie  tract  directly;  (6)  fibres 
uniting  it  to  the  tempero-sphenoidal  lobe  of  the  same  side,  especially  the  first  and 
second  tempero-sphenoidal  convolutions;  (c)  fibres  to  the  gryrus  hippocampi  of 
the  same  side;  {d)  a  large  leash  of  fibres  forming  the  *^ optic  radiation  "  of  Gratiolet, 
which  oonnect  it  directly  with  the  tip  of  the  occipital  lobe.  There  are  probably 
also  indtred  connections  with  the  occipital  region  through  some  of  the  basal 
gaaglia.    Although  some  observers  do  not  admit  the  connections  with  the  frontal 
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and  sphenoidal  lobes,  all  are  agreed  as  to  its  connection  with  the  occipital  by 
means  of  the  ''optic  radiation.'*] 

[The  Optic  Kadiatioil  of  Gratiolet  is  a  wide  strand  of  fibres  expanding  and 
terminating  in  the  occipital  lobes.  It  is  composed  of,  or  stated  otherwise,  gives 
branches  to  (a)  the  optic  tract  directly,  (6)  the  corpus  genicolatum  intemnm 
and  externum,  (c)  to  the  pulvinar  and  substance  of  the  thalamus,  (,d)  a  direct 
sensitive  band  (Meynert's  "  Sensitive  band'*)  to  the  posterior  third  of  the  posterior 
limb  of  the  inner  capsule,  (e)  fibres  which  run  between  the  Island  of  Reil  and  the 
tip  of  the  occipital  lobe  (D.  J.  Hamilton).] 

ChiaBma. — ^The  extent  of  the  decussation  of  the  optic  fibres  in  the 
chiasma  is  subject  to  variations.    As  a  rule,  half  of  the  fibres  of  one 

tract  cross  to  the  optic  nerve  of  the 
opposite  side  (Fig.  318),  so  that  the 
left  optic  tract  sends  fibres  to  the  left 
half  of  both  eyes,  while  the  right  tract 
supplies  the  right  half  of  both  eyes 
(§  378,  IV.). 

Hence,  in  man,  the  destruction  of  one 
optic  tract  (and  its  central  continuation  in 
the  occipital  lobe  of  the  cerebrum)  produces 
Fig.  318.  ** equilateral  or  homonymus  hemiopia,"    In 

tScheme  of  the    semi-decussation   of  ^®  ^^S  ^^^  <^^  there  is  a  semi-decussation ; 

the  optic  nerves— Z^.i4.,  left  eye;  l^ence,  in  these  animals  extirpation  of  one 

Ii,A,,  right  eye.  eyeball  causes   atrophy  and  degeneration 

of  half  of  the  nerve-fibres  in  both  optic 
tracts  (Gudden).  Baumgarten  and  Mohr  have  observed  a  similar  result  in  man.  A 
aagittal  section  of  the  chiasma  in  the  cat  produces  partial  blindness  of  both  eyes 
( Nicati).  According  to  Gudden,  the  fibres  which  decussate  are  more  numerous  than 
those  which  do  not,  although  J.  Stilling  maintains  that  they  are  only  slightly 
more  numerous.  According  to  J.  Stilling  the  decussating  fibres  lie  in  the  central 
axis  of  the  nerve,  whUe  those  which  do  not  decussate  form  a  layer  around  the 
former. 

Other  observers  maintain  that  there  is  complete  decussation  of  all  the  fibres  in 
the  chiasma.  Hence,  section  of  one  optic  nerve  causes  dilatation  of  the  pupil  and 
blindness  on  the  same  side,  while  section  of  one  optic  tract  causes  dilatation  of  the 
pupil  and  blindness  of  the  opposite  eye  (Knoll,  Brown-S^quard,  Mandelstamm). 
In  osseous  fishes,  both  optic  nerves  are  isolated  and  merely  cross  over  each  other, 
while  in  the  cydostomata  they  do  not  cross  at  alL 

Injury  of  the  external  geniculate  body  and  section  of  the  anterior  brachium  have 
the  same  effect  as  section  of  the  optic  tract  of  the  same  side  (§  359 — Bechterew). 

In  very  rare  cases,  the  decussation  is  absent  in  man,  so  that  the  right  tract 
passes  diiectly  into  the  right  eyeball,  and  the  left  into  the  left  eyeball  ( Vesalius, 
Caldani,  Losel),  the  sight  not  being  interfered  with  (Vesalius). 

It  is  quite  certain  that  the  individual  fibres  do  not  divide  in  the  chiasma.  Two 
commissures,  the  inferior  commissure  (Gudden)  and  Meynert's  comnussure,  unite 
both  optic  tracts  further  back. 

[Hemiopia  and  Hemianopsia.— When  one  optic  tract  is  interfered  with  or 
divided,  there  is  interference  with  or  loss  of  sight  in  the  lateral  halves  of  both 
retinfls,  the  blind  part  being  separated  from  the  other  half  of  the  field  of  vision  by 
a  vertical  line.  When  it  is  spoken  of  as  paralysis  of  one-half  of  the  retina,  the 
term  Jiemiopia  is  applied  to  it ;  when,  with  reference  to  the  field  of  vision,  the 
term  hemianopsia  is  used  (see  Eye),    Suppose  the  l^  optic  tract  to  be  divided  or 
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pnMed  apon  by  a  tanumr  >t  E,  Pi;;.  319,  Uim  the  oatnr  half  cC  tte  lA  aftd 
the  JMnerhatf  of  tha  right  aya  are  blind,  e«winerigAtia<<wt*BHiwi^«fa,fcJ^fta 
tffah*lTes  an  atbotsd  v^uoh  ooTTBapotid.  in  otdiiMrT  Tidoa,  MB  ftat  thi  i—JjUcw 


Horisoutalncticoi  of  f&0  Timal 
cortical  contna  and  aytibalb 
(H.HDBk). 


Fig.  310. 

IKagnnn  of  the  deciusaticni  of  tha  optia 
tnota  —  T,  aoini  -  daauHaticn.  in  *^* 
ohiMffw ;  T  Q,  darniBatinn  oi  £bna 
behind  the  ertemal  genicnlate  hodlaa 
(CQ]i  a'b,  fibres  which  do  not  decnasate 
in  the  ohiaama ;  b'o.',  Sbres  [iiiiniliin) 
from  the  right  eye  and  ooDUng  togBtb^ 
in  the  left  hemiiphera  (L  O  Q) ;  L  O  Q, 
K,  laaon  of  the  left  optio  tract  pvdna- 
ing  ri(^t  lateral  hemianopaiB ;  il,  Isaion 
ia  tile  left  hemisphere  producing  crouad 
ambljopia  (right  eye] ;  T,  lesion  produc- 
ing temporal  hemianopoia:  N  N,  lesion 
producing  nasal  hemianoptia  (Knott). 
After  Charcot. 

is  spoken  of  as  lioraoai/mou*  htmianop»ia,  Soppon  the  leaioa.  to  be  at  Z,  Kg.  SU^ 
then  there  ia  paralysis  of  the  inner  halvfls  of  baA  eyas,  "*•"""£  douUa  itmporal 
Atnumopna.  When  there  are  two  lesioiui  at  N  H,  which  !■  ver?  rare,  the-  ouior 
halves  of  both  retino  ai«  paraljaad,  so  that  thve  U  ifouib  muai  b^amu^^a.  In 
Older  to  explain  tome  of  the  eye  symptoms  that  oaoarioniJIy  ooeac  in  osrabral 
diaeaae,  Charcot  baa  snppriaed  that  some  of  the  fibre*  which  past  from  the  external 
geniculate  body  to  the  riiaal  centres  in  the  occipital  lobe  cross  behind  the  oorpork 
qnadrigemina,  and  this  ia  represented  in  the  dia^pwn  aa  occnrring  at  T  Q,  in  the 
corpora  quadrigemina.  On  this  view,  all  the  oooipital  oortioal  fibres  from  one  aye 
would  nltimately  pass  to  the  cortex  of  the  occipital  lobe  of  the  opposite  hami- 
■phere.  Thia  view,  however,  by  no  means  explains  all  the  facts,  for  in  oases  of 
homonymous  hemianopsia  the  point  of  central  Tisioa  <hi  hoQi  rides,  {.«.,  both 
uacoln  Intes  are  always  noaSeeted,  BO  that  it  is  usnmed  thftt  eaeh  maonla  late».is 
OMmertad  with  both  hemisphens.] 
PCnak'a  Tieir.— Fig.  320  iUnstrataa  S.  Monta  view.     Ha  thinka  that  than 
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are  three  areas  in  the  retina  corresponding  to  three  cortical  visnal  spheres,  or 
parts  of  the  yisoal  centre  in  the  occipital  lobe  (dog),  the  external  part  of  the  rights 
eye,  R,  being  connected  with  the  external  part,  A,  while  the  central  and  intemaL 
parts  of  the  same  eye  decussate  and  are  connected  with  the  corresponding  parts, 
a'  a,  of  the  cortical  visual  centre  of  the  opposite  occipital  lobe  (Ross)]. 

The  two  outer,  upper,  or  lower  halves  of  the  retina  have  been  observed  to  be- 
blind  in  disease  of  the  optic  tract  in  man,  which,  of  course,  indicates  some  other- 
mode  of  arrangement  of  the  nerve-fibres. 

Function. — ^The  optic  nerve  is  the  nerve  of  sight ;  physiologically,  it- 
is  excited  only  by  the  transference  of  the  vibrations  of  the  ether  to  the 
rods  and  cones  of  the  retina  (see  Sense  of  Sight).  Every  other  form  of 
stimulus,  when  applied  to  the  nerve  in  its  course  or  at  its  centre,  causes- 
the  sensation  of  light.  Section  or  degeneration  of  the  nerve  is  followed 
by  blindness.  Stimulation  of  the  optic  nerve  causes  a  reflex  contraction 
of  the  pupils^  the  efferent  nerve  being  the  oculomotorius  or  third  cranial 
nerve.  If  the  stimulus  be  very  strong,  the  eyelids  are  closed  and  there 
is  a  secretion  of  tears. 

The  influence  of  light  upon  the  general  metabolism  is  stated  at  p.  259, 
As  the  optic  nerve  has  special  and  independent  connections  with  the 
so-caUed  psycho-optic  centre  (§378,  lY),  as  well  as  with  the  centre  for 
narrowing  the  pupil  (§  345),  it  is  evident  that,  under  pathological 
circumstances,  there  may  be,  on  the  one  hand,  blindness  with  retention 
of  the  action  of  the  iris,  and  on  the  other  loss  of  the  movements  of  the 
iris,  the  sense  of  vision  being  retained  (Wernicke). 

Pathologioal. — Stimulation  of  ahnoet  the  whole  of  the  nervous  apparatus  may 
cause  excessive  sensibility  of  the  visual  apparatus  (hyper€eathesia  optica),  or  even 
visual  impressions  of  the  most  varied  kinds  {photopsia,  chromcUopsia),  which  in  cases, 
of  stimulation  of  the  psycho-optic  centre  may  become  actual  visual  hallucination» 
(§  378,  IV.).  Material  change  in,  and  inflanmiation  of  the  nervous  apparatus 
are  often  followed  by  a  nervous  weakness  of  vision  {amblyopia),  or  even  l^  blind- 
ness {amaurosis).  Both  conditions,  however,  may  be  the  signs  of  disturbances  of 
other  organs,  t.e.,  they  are  '*  sympathetic"  signs,  due  it  may  be  to  changes  in  the 
movement  of  the  blood-stream,  depending  upon  stimulation  of  the  vaso-motor 
nerves.  The  discovery  of  the  partial  origin  of  the  optic  nerve  from  the  spinal  cord 
explains  the  occurrence  of  amblyopia  (with  partial  atrophy  of  the  optic  nerve)  in 
disease  of  the  spinal  cord,  especially  in  tabes. 

Hemeralopla  and  Nyctalopia* — "hiany  poisons,  such  as  lead  and  alcohol,  dis- 
turb vision.  There  are  remarkable  intermittent  forms  of  amaurosis  known  as 
day-blindnees  {hemeralopia),  which  occurs  in  some  diseases  of  the  liver  [and  is 
sometimes  associated  with  incipient  cataract.  The  person  can  see  better  in  a  dim 
light  than  during  the  day  or  in  a  bright  light.  In  night-blindness  {nyctalopia), 
the  person  cannot  see  at  night  or  in  a  dim  light,  while  vision  is  good  during  the 
day  or  in  a  bright  light.  It  depends  upon  disorder  of  the  eye  itself,  and  is  usually 
associated  with  imperfect  conditions  of  nutrition]. 

345.  III.  Nervus  Oculomotorius. 

Anatomical. — It  springs  from  the  oculomotorius  nucleus  (united  with  that  of 
the  trochlearis),  which  is  a  direct  continuation  of  the  anterior  horn  of  the  spinal 
oord,  and  lies  under  the  aqueduct  of  Sylvius  (Fig.  321). 
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The  origin  is  oonnected  with  the  corpora  quadrigemina,  to  which  the  intraocular 
fibres  may  be  traced,  and  also  with  the  lenticular  nudeos  through  the  pedunculns 
cerebri.  Beyond  the  pons,  it  appears  on  the  inner  side  of  the  pedunculus  between 
the  superior  cerebellar  and  posterior  cerebral  arteries  (Fig.  321,  III). 

Function. — ^It  contains :  1 .  The  voluntary  motor  fibres  for  all  the  ezter-  • 
nal  muscles  of  the  eyeballs— -except  the  external  rectus  and  superior 
oblique — and  for  the  levator  palpebrse  superioris.  The  co-ordination 
of  the  movements  of  both  eyeballs,  however,  is  independent  of  the 
will.  2.  The  fibres  for  the  ^hinder  pupUlce,  which  are  excited  reflexlj 
from  the  retina.  3.  The  voluntary  fibres  for  the  musck  of  accommoda- 
tion, the  tensor  choroidesB  or  ciliary  muscle.  The  intrabulbar  fibres  of 
2  and  3  proceed  from  the  branch  for  the  inferior  oblique  muscle,  as 
the  short  root  of  the  ciliary  ganglion  (Fig.  322).  They  reach  the 
eyeball  through  the  short  ciliary  nerves  of  the  ganglion,  v.  Trautvetter, 
Adamiik,  Hensen,  and  Yolckers  observed  that,  stimulation  of  the  nerve 
caused  changes  in  the  eye  similar  to  those  which  accompany  near  vision. 
The  three  centres  for  the  muscle  of  accommodation,  the  sphincter 
pupillse  and  the  internal  rectus  muscle,  lie  directly  in  relation  with  each 
other,  in  the  most  posterior  part  of  the  floor  of  the  third  ventricle 
(Hensen  and  Yolckers). 

The  reflex  stimulation  of  the  fibres  of  the  sphincter  of  the  pupU  by 
light,  perhaps  also  takes  place  in  a  special  centre  within  the  medulla 
oblongata  (Meynert,  Stilling).  The  narrowing  of  the  pupil,  which 
accompanies  the  act  of  accommodation  for  a  near  object,  is  to  be 
regarded  as  an  associated  movement  (§  392,  5). 

Anastomoses. — In  man,  the  nerve  anastomoses  on  the  sinus  cavemosus,  with 
the  ophthalmic  branch  of  the  trigeminus,  whereby  it  receives  aeruory  fibres  for  tfte 
muacles  to  which  it  is  distributed  (Valentin,  AdamUk),  with  the  sympathetic 
through  the  carotid  plexus,  and  (?)  indirectly  through  the  abducens,  whereby  it 
receives  vaao-motor  fibres  (?)• 

Atropin  paralyses  the  intrabulbar  fibres  of  the  oculomotorius,  while- 
Calabar  bean  stimulates  them  (or  paralyses  the  sympathetic,  or  both 
— compare  §  392). 

Stimulation  of  the  nerve,  which  causes  contraction  of  the  pupil,  is  best 
demonstrated  on  the  decapitated  and  opened  head  of  a  bird.  The  pupU  is 
dilated  in  paralysis  of  the  oculomotorius,  in  asphyxia,  sudden  cerebral  anamia 
(e.(7.,  by  ligature  of  the  carotids,  or  beheading),  sudden  venous  congestion,  and  at 
death. 

Pathological* — Complete  pardlygia  of  the  oculomotorius  is  followed  by — 
1,  Drooping  of  the  upper  eyelid  (Ptosis  paralytiea) ;  2,  immobility  of  the  eyeball ; 
3,  squinting  (strabismus)  outwards  and  downwards,  and  consequently  there  is 
double  yman{diplop%a);  4,  slight  protrusion  of  the  eyeball,  because  the  action  of  the 
superior  oblique  muscle  in  pulling  the  eyebaU  forward  is  no  longer  compensated 
by  the  action  of  three  paralysed  recti  muscles.  In  animals  provided  with  a 
retractor  bulbi  muscle,  the  protrusion  of  the  eyeball  is  more  pronounced; 
5,  moderate  dilatation  of  the  pupil  {mydriasia  paralytica');  6,  the  pupil  does  not 
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lAo/mftf  Mpasiieus^  whii«  ftimtitfttiMi  of  Um  aUi«r  motor  fibris  cmmm*  eorrMponding 

flnMiiirof  MpMtfeiiv.    Tbb  liltir  form  of  MqoiBiiog  ouif  be  cmutd  ako  HBitalf^  ^ 

€4f,f  fat  UnOttn^t  «r  ia  e«M»  of  di*nrba«  fat  chlUrHi;  (ih«  praitipcii  of  nvfou  at  | 

oUmt  «oarc«  of  irritoti/m  {o  the  IjttMtiiMi  «tf  cUldrm  k  •  ffW|Msi  mom  oI  * 

mfiiMng,  |    Ckmic  njiMin*  o^x^ur  In  both  ^m^  sod  aJ^o  tm  iarolitatMjr  nurreaiHits 

of  th«  9y*i}mllM  <ym«titutif}g  nynUujmuMf  which  fluy  tw  prodocod  bj  ttlinakllOD  of 

th«  etprpmm  quMdrin$m\nm,  m  well  m  by  otfaor  OMtaii    Toole  etmtrutUm  of  the 

epUacter  popillw  b  called  my^Mrii  ipatUeOf  end  elooic  eenferaetioii,  Aifi^M.    SpMOi 

i/tf  the  nmecle  ef  eccomiDodeiioD  (cili«rx  mtiMle)  U  •ometiiwe  obeerred  i  owing  to 

the  imperfect  ju/Jgtnest  of  dintence,  thie  eoiiditios  if  not  nnfre^neotljr  Mindeted 

wltbm«cropUk 

346.  IV.  Nervus  TroclileariB. 

AnfttomleAL—Tt  Mi^m  doee  tut  the  ocnlomotorfw  from  the  droehkark'mtkmf 
wUcb  i«  to  e  eerUln  extent  *  eontintietlon  of  the  eotador  horn  of  the  epfnel  octd. 
It  pMM«e  to  the  l//w«r  ourgin  of  the  c^/rpom  qoadrigHalBUs  pievoee  the  loof  of  the 
eqnedoc't  of  HyMnn,  and  efter  decueeetuig  with  the  root  of  the  opposite  elde 
(DehrOder  reo  der  Kolk),  It  piercee  the  cnie  et  the  mtperior  and  extenud  border 
(Fig,  321,  IV.),  It  bee  e]«o  «n  origin  from  the  locue  omnileae.  The  root  of  the 
oerre  nwdre*  eomeilbree  Uom,  the  nncleu  of  the  ebdnceae  of  the  opposite  eide. 

Fnoettoit— It  u  the  yo\\mUaj  motor  nerre  of  the  gai>erior  oblique 
nraecle.    (In  co-ordiiuttad  movemente,  howerer,  it  i«  involuntary.) 

AaftftOfllO0#f ^—Ite  connections  with  the  plezne  ceroUene  sympethld  «id 
with  the  fimt  branch  of  the  trigeminus  here  the  eeme  significMce  «e  nnlkr 
brenches  of  the  ocaUimotoritts, 

PfttllolOKlOftl*— /'tf ^^ik'^  ^  the  trochleeris  nenre  csoiee  *  rery  slight  loes  of 
the  m^^lnlity  of  tiie  eyeball  outwards  and  downwards.  There  is  slight  squinting 
inwards  and  upwards,  with  diplopia  or  double  via&on.  The  images  are  placed 
obliquely  wn  ^tuM  other  j  they  ajiprfjach  each  other  when  the  head  is  turned 
towards  the  mrntuX  sidci  and  are  separated  when  the  head  is  turned  towards 
the  other  aide.  The  patient  at  first  directe  his  head  forwards,  later  he 
rotates  It  round  a  vertical  axis  towards  the  sound  side.  In  rotating  his  head, 
(whereby  the  nountl  eye  may  retain  the  irrimaiy  p^jsition),  the  eye  rotates  with  It^ 
S/Kum  oi  the  troclilearis  causes  squiniiog  outwards  and  downwards. 

347.  V«  Nervus  Trigeminus. 

Aostomioal'^'nis  trfgemlnus  (Vl^.  322,  5),  arises  lilce  a  spinal  nenre  by  two 
roots  (Fig.  321,  V).  The  smaller,  anUrU/r,  motor  root  proceeds  from  the  **  motor 
triginUnat  nueUut**  which  U  provided  with  many  mnltipolar  nerre-oellay  and  lies 
in  the  floor  of  the  medulla  oblmigata,  not  far  from  the  mi<ldle  line*  Fibres  connect 
this  nuclens  with  the  opjjosite  side  of  the  cerebrum*  The  large,  poilerior, 
Mtnsory  root  receives  fibres  :^1,  ¥rom  tiis  small  cells  of  the  **$en$orif  irigemlncd 
nucUut*^  which  liee  at  the  level  of  the  |Kms,  and  b  the  analogue  of  the  posterior 
hem  of  the  grey  matter  of  the  spinal  cord.  2,  From  the  grey  matter  of  the 
posterior  horn  of  the  spinal  cord  downwards  as  far  ae  the  middle  of  the  cervical 


THE  NKRVUS  TRIGEMINUS. 


Fig.  321. 
Under  snrbca  of  put  of  the  Ir&in,  showing  the  origiiis  of  the  craoiftl  nerves ;  on 
the  right  side  the  coaWutioiiB  of  the  isluid  of  Reil,  white  on  the  left  they 
hive  been  removed — T,  The  olfactory  tract  cnt  short ;  II,Ieftoptic  uerre 
in  front  of  the  chiosma ;  II',  right  optio  tract ;  T  A,  cat  snr&ce  of  the  1*ft 
optic  thalamnH ;  C,  central  lobe,  or  island  of  Reil ;  8  y,  fiianre  of  Sylvine  ; 
XX,  the  locDB  perforataa  anticue  ;  «,  the  external,  and  i,  the  internal,  corpna 
genicalatnm  ;  h,  hypoph  jus  cerebri,  or  pituitary  body ;  i  e,  taber  cineremn, 
>rith  the  tnfundibolum ;  a,  points  b;  a  ehort  line  to  one  of  the  corpora  alU- 
cantia ;  F,  the  cerebral  pednncle  or  crna  ;  /,  the  fillet ;  III,  cloee  to  the  left 
ocnlo-motor  nerve ;  X,  the  lacns  perforatas  posticus  i  P  V,  pans  Varolii  ;  V, 
the  greater  part  of  the  fifth  nerve ;  + ,  the  leaser  root  (on  the  right  side  thia 
mark  is  placed  on  the  Gssserian  ganglion  and  point*  to  the  leaser  root, 
where  it  proceeds  to  join  the  inferior  maxillary  nerve);  1,  ophthalmia  divi- 
rion  of  the  fifth  nerve ;  VII  a,  the  fadal ;  VU  b,  the  auditory ;  Vm,  Um 
vagns ;  VIII  a,  the  glosso- pharyngeal ;  Till  b,  the  spinal  accessory  nerve ; 
IX,  the  hypoglossal  nerve ;  ^,  tiie  floccnlns  i/A,  the  horizontal  fismre  of  the 
cerebellnm  {Ce);am,  the  amygdala;  pa,  the  anterior  pyramid;  o,  olivuy 
body ;  e,  the  reatifonn  body ;  d,  the  anterior  median  fissare  of  the  spinal 
cord;  el,  the  lateral  colnmn  of  the  spinal  cord;  CI,  the  sub-occipital  or 
first  cervical  nerve. 
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regioiL  These  fibres  nin  into  the  posterior  colnmn  of  the  corci  and  ascend  into  the 
trigeminiiB.  3,  The  "tropMe  root**  (Merkel)  arises  from  a  mass  of  cells  at  the  side 
of  the  aqnednct  of  Sylvius.  4,  Another  root  comes  from  the  upper  part  of  the  floor 
of  the  medulla  oblongata,  from  the  substantia  ferruginoea  under  the  locus  coeruleus. 
These  fibres  decussate.  5,  Some  fibres  proceed  from  the  cms  of  the  pedunculus 
cerebri.  6,  Some  fibres  come  from  the  cerebellum,  through  the  crura  cerebelli. 
The  origins  of  the  sensory  root  anastomose  with  the  motor  nuclei  of  all 
the  nerves  arising  from  the  medulla  oblongata,  with  the  exception  of  the 
abducens.  This  explains  the  vast  number  of  rejkx  rdcUiotu  of  the  fifth  nerve. 
The  thick  trunk  appears  on  each  side  of  the  pons  (Fig.  321),  when  its  posterior 
root  (perhaps  in  conjunction  with  some  fibres  from  the  anterior),  forms  the  Oasserian 
gangUon,  upon  the  tip  of  the  petrous  part  of  the  temporal  bone  (Fig.  322).  Fibres 
from  the  sympathetic  proceed  from  the  plexus  cavemosus  to  the  ganglion.  The 
nerve  divides  into  three  laige  branches. 

L  The  ophthalmic  branch  (Fig.  322,  d),  receiyes  sympathetic  fibres 
(vaso-motar  nerves)  from  the  plexus  cavernosus;  it  passes  through  the 
superior  orbital  fissure  [sphenoidal]  into  the  orbit.     Its  branches  are : — 

1.  The  small  recurrent  nerve  which  gives  sensory  branches  to  the 
tentorium  cerebelli.  Fibres  proceed  along  with  it  from  the  carotid 
plexus  of  the  S3rmpathetic,  which  are  the  vaso-motar  nerves  for  the  dura 
mater. 

2.  The  lachiymal  nerve  gives  off — (a)  Sensory  branches  to  the  con- 
junctiva, the  upper  eyelid,  and  the  neighbouring  part  of  the  skin  over 
the  temple  (Fig.  322,  a) ;  (b)  true  secretory  fibres  to  the  lachrymal 
gland  (1).  Stimulation  of  this  nerve  is  said  to  cause  a  secretion  of 
tears,  while  its  section  prevents  the  reflex  secretion  excited  through 
the  sensory  nerves  of  the  eye.  After  a  time,  section  of  the  nerve  is 
followed  by  a  paralytic  secretion  of  tears  (Herzenstein  and  Wolferz, 
Demtschenko),  although  the  statement  is  contested  by  Reich.  The 
secretion  of  tears  may  be  excited  reflexly  by  strong  stimulation  of  the 
retina  by  light  by  stimulation  of  the  first  and  second  branches  of  the 
trigeminus,  and  through  all  the  sensory  cranial  nerves  (Demtschenko) 
(§  356,  A,  6). 

3.  The  frontal  (/)  gives  off  the  supra- trochlear,  which  supplies  sensory 
fibres  to  the  upper  eyelids,  brow,  glabella,  and  those  which  excite  the 
secretion  of  tears  reflexly;  and  by  its  supra-orbital  branch  (5), 
analogous  branches  to  the  upper  eyelid,  skin  of  the  forehead,  and  the 
adjoining  skin  over  the  temple  as  far  as  the  vertex. 

4.  The  naso-ciliary  nerve  {n,  c),  by  its  infra-trochlear  branch  supplies 
fibres  similar  to  those  of  3,  to  the  conjunctiva,  caruncula  and  saccus 
lacrimalis,  the  upper  eyelid,  brow,  and  root  of  the  nose.  Its  ethmoidal 
branch  supplies  the  tip  and  alse  of  the  nose,  outside  and  inside,  with 
sensory  branches,  as  well  as  the  upper  part  of  the  septum  and  the 
turbinated  bones  with  sensory  fibres,  which  can  act  as  afferent  nerves 
in  the  reflex  secretion  of  tears ;  while  it  is  probable  *that  vaso-motor 
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fibres  are  supplied  to  these  parts  through  the  same  channeL  (These 
fibres  may  be  derived  from  the  anastomosis  with  the  sympathetic  (?). 
The  naso-ciliaiy  nerve  gives  off  the  long  root  (/)  of  the  ciliary  ganglion 
{c),  and  1-3  long  ciliary  nerves. 

The  ciliary  ganglion  (Fig.  322,  c — ^which,  according  to  Schwalbe, 
perhaps  belongs  rather  to  the  third  than  the  fifth  nerve),  has  three 
roots— (a)  the  short  or  oculomotorius  (3 — see  p.  789);  (6)  the  long  (I), 
from  the  naso-ciUary;  and  (c)  the  sympathetic  (s),  sometimes  united  with 
hy  from  the  carotid  plexus.  The  short  ciliary  nerves  (t),  6-10  in  number, 
proceed  from  the  ganglion,  along  with  the  long  ciUaiy  nerves  to  near 
the  entrance  of  the  optic  nerve,  where  they  perforate  the  sclerotic  coat 
and  run  forwards  between  it  and  the  choroid. 

Ciliary  Nerves. — Physiologically,  these  nerves  (in  addition  to  those 
mentioned  at  p.  789,  2,  3,  from  the  oculomotorius)  contain  the  following 
Tsmds  of  nerve-fibres: — 

1.  Sensoiy  fibres  for  the  cornea  (Bochdalek),  which  are  distributed 
as  excessively  fine  fibrils  between  the  epithelium  of  the  conjunctiva  btUbi; 
they  perforate  the  sclerotic  (Girald^).  These  fibres  cause  a  reflex 
secretion  of  tears  (N.  lacrimalis),  and  closure  of  the  eyelids  (N.  facialis). 
Sensory  fibres  are  supplied  to  the  iris  (pain  in  iritis  and  in  operations 
on  the  iris),  the  choroid  (painful  tension  when  the  ciliary  muscle  is 
istrained),  and  the  sclerotic. 

2.  Yaso-motor  nerves  for  the  blood-vessels  of  the  iris,  choroid,  and 
retina.  They  arise  in  part  from  the  sympathetic  root,  and  the  anasto- 
mosis of  the  sympathetic  with  the  ophthalmic  division  of  the  trigeminus 
j(Wegner).  The  iris  receives  most  of  its  vaso-motor  nerves  from  the 
trigeminus  itself  (Rogow),  and  few  from  the  sympathetic.  The  blood- 
vessels of  the  retina  are  supplied  chiefly  from  the  sympathetic,  and; 
according  to  Klein  and  Svetlin,  they  are  not  influenced  either  by 
simulation  or  division  of  the  sympathetic. 

Schwalbe  supposes  that  the  fibres  which  spring  directly  from  the  nerve-cells  of 
the  dliary  ganglion  are  vaso-motor  in  their  function. 

3.  Motor  fibres  for  the  dilator  pupillae,  which  for  the  most  part 
are  derived  from  the  sympathetic  (Petit,  1727),  through  the  sympathetic 
root  of  the  ganglion,  and  the  anastomosis  of  the  sympathetic  with  the 
trigeminus  (Balogh,  Oehl).  The  ophthalmic  division  contains  indepen- 
dent fibres  for  the  dilatation  of  the  pupil  (Schiff),  which  arise  in  the 
medulla  oblongata  and  proceed  directly  into  the  ophthalmic  ( 1  or  arise 
from  the  Gasserian  ganglion — Oehl). 

It  is  not  condnsively  determined  whether  dilator  fibres  also  proceed  through 
the  sympathetic  root  of  the  ciliary  ganglion,  and  reach  the  iris  through  the  ciliary 
nerves.  In  the  dog,  these  fibres  do  not  pass  through  the  ciliary  ganglion,  but  go 
clirecUy  along  the  optic  nerve  to  the  eye  (Hensen  and  Volckers). 
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.  lUtion  of  Qie  nerrea  of  the  eyeball,  the  connectJoDB  of  the  trigemiuna  md 
vith  the  facud  and  glouo- pharyngeal  nerves— 3,  Branch  to  Ui6  inferior 
abliqne  mWle"  from  the  ocuIomotoriuB,  with  the  thick  short  root,  to  the  ciliary  ^f;lion  (c); 
t,  ciuuy  MTvet;  I,  long  root  t«  the  ganglion  from  the  Daio-ciliary  (nO;  '<  lympathetic  root  from 
Bymvothetic  plexoa  iSy)  anrtonnding  the  internal  carotid  {G};  d,  first  or  ophtbalmio diviaion 
of  the  trigemmuB  (G),  with  the  naao-ciliary  (nc),  and  the  terminal  branches  of  the  lachlymal  (a), 
mpra-orbital  (b),  and  frontal  (/);  «,  second  or  superior  maxillary  division  of  the  tiiseminus; 
B,  infra-orbital;  n,  spheno- palatine  (Meckel's)  ganglion  with  it£  roots;  j,  from  the  facial,  and  e, 
from  the  sympathetic;  N,  the  naaal  branches,  and  ppi,  the  palatine  branches  of  the  ganglion; 
g,  third  or  imerior  maxillary  division  of  the  tri^eminns-,  k,  lingual;  it,  chorda  tympani;  m, 
otic  ganglion,  with  the  roots  from  the  tympanic  plexus,  the  carotid  plexus,  and  from  the  3rd 
branch,  and  with  its  branches  to  the  auiicnlo-temporal  (A),  and  to  the  chorda  (ii);  L,  snh-maxillary 
gangliim  with  its  nwts  from  the  tympanico-lingutd,  and  the  sympathetio  plexna  on  the 
external  maxillary  artery  {q).  7.  Facial  nerve~j,  ita  great  snperl^cial  petros^  branch;  a, 
gang,  geniculatum;  ^,  branch  to  the  tympanic  plexus;  y,  branch  to  the  stapedins;  i,  anaito- 
matic  twig  to  the  auricniar  branch  of  the  vagus;  ii,  chorda  tympani;  S,  stylo- mastoid  foramen. 
9.  GloBSo- pharyngeal — X,  its  tympanic  branch;  -w  and  >,  connectJonB  with  the  facial ;  U,  tennina- 
-ions  of  the  gustatory  fibres  of  9  in  the  circurovallato  papillffi  ;  S  y,  aympathetic  with  Qg,*,  the 

uillory  gland. 
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After  section  of  the  trigeminuB,  the  pupil  becomes  contracted  (rabbit 
and  frog),  bnt  this  effect  is  not  permanent.  After  excision  of  the 
superior  cervical  ganglion  of  the  sympathetic,  the  power  of  dilatation 
of  the  pnpU  is  not  completely  abolished.  The  narrowing  of  the  pnpil 
which  follows  section  of  the  trigeminns  in  the  rabbit,  and  which 
rarely  lasts  more  than  half  an  hour,  may  be  regarded  as  due  to  a  reflex 
stimulation  of  the  oculomotorius  fibres  of  the  sphincter,  in  consequence 
of  the  painful  stimulation  caused  by  section  of  the  trigeminus. 

With  regard  to  the  centre  for  2  and  3  see  §  367,  8. 

EfB^ctt  of  Stimulation  of  the  Sympathetic.— Either  in  the  neck,  or 
in  its  oonrse  to  the  eye,  when  the  peripheral  end  of  the  cervical  sympa- 
thetic is  stimulated,  hesides  other  efifects  on  the  blood-vessels,  there  is  dilatcUion 
of  the  pupilj  as  well  as  contraction  of  the  gmooth  muscular  Jibres  in  the  orbit 
and  eyelids.  The  membrana  orbitalis,  which  separates  the  orbit  from  the 
temporal  fossa  in  animals,  contains  numerous  smooth  muscular  fibres  {mtuculus 
orbUcUis),  The  corresponding  membrane  of  the  inferior  orbital  fissure  [spheno- 
maxillary fissure]  in  man  has  a  layer  of  smooth  muscle,  one  millimetre  thick, 
and  arranged  for  the  most  part  longitudinally.  Both  eyelids  contain  smooth 
mnscular  fibres  which  serve  to  close  them ;  in  the  upper  lid,  they  lie  as  a  con- 
tinuation of  the  levator  palpebrse  superioris,  in  the  lower  lid,  close  under  the 
conjnnctiTa.  Tenon's  capsule  also  contains  smooth  muscular  fibres.  The  sym- 
pathetic nerve  supplies  all  these  muscles  (Heinr.  Mtiller) — (the  orbital  muscle  is 
partly  supplied  from  the  spheno-palatine  ganglion) ;  in  animals  the  retractor  of  the 
third  eyelid  at  the  inner  angle  of  the  eye  is  similarly  supplied.  Hence,  siimukUion 
of  the  sympathetic  causes  dilatation  of  the  pupil  and  of  the  palpebral  fissure,  with 
protrusion  of  the  eyebalL  This  result  may  be  caused  reflexly  by  strong  stimu- 
lation of  sensory  nerves.  Strong  stimulation  of  the  nerves  of  the  sexual  organs- 
is  followed  by  similar  phenomena  in  the  eye.  The  dilatation  of  the  pupil,  which 
occurs  in  children  afifected  with  intestinal  worms,  is  perhaps  an  analogous  pheno- 
menon. The  pupil  is  dilated  when  the  spinal  cord  is  stimulated  (at  the  origin 
of  the  sympathetic),  as  in  tetanus. 

Section  of  the  Sympathetic^  besides  other  efifects,  causes  narrowing  of  the 
fissure  between  the  eyelids,  the  eyeball  sinks  in  its  socket,  (and  in  animals,  the 
third  eyelid  is  relaxed  and  protruded).  In  dogs,  section  causes  internal  squint^ 
as  the  external  rectus  receives  some  motor  fibres  from  the  sympathetic  (p.  801). 
(The  origin  of  these  fibres  from  the  cilio-spinal  region  of  the  cord  is  discussed 
under  Spinal  Cord,  §  362,  1.) 

4.  It  is  probable  that  trophic  fibres  occur  in  the  trigeminus^  and 
pass  through  the  ciliary  nerves  to  reach  the  eye.  If  the  trigeminus  be 
divided  within  the  cranium,  after  6-8  days,  inflammation,  necrosis  of  the 
cornea,  and  ultimately,  complete  destruction  of  the  eyeball  take  place 
[Panaphihalmid]  (Fod^ra,  1823,  Magendie,  1824,  Longet). 

Merkel  maintains  that  he  has  ascertained  the  central  root  of  these  trophic  fibres, 
while  Meissner  and  Bttttner  regard  the  trophic  fibres  as  those  that  lie  most  inter- 
nally in  the  nerve.  According  to  Magendie  and  Longet,  the  trophic  fibres  for 
the  eyeball  and  the  mucous  membrane  of  the  mouth,  appear  first  in  the  Gasserian 
ganglion,  as,  according  to  them,  section  of  the  tnmk  behind  the  ganglion  does  not 
produce  any  trophic  disturbanceB;  which,  however,  is  denied  by  Schifif. 

Trophic  Fibres* — I^  weighing  the  evidence  for  and  against  the  existence  of 
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trophic  libres,  we  mmt  bear  in  mind  the  following  considerationa:— 1,  Section 
of  the  trigeminna  makea  the  whole  eye  inaensibU;  the  animal  ia  therefore  un- 
conedous  of  direct  injury  to  its  eye,  and  cannot  therefore  remove  any  offending 
body.  Dust  or  mncua,  which  may  adhere  to  the  eye,  is  no  longer  removed  by  the 
reflex  closing  of  the  eyelids ;  while  owing  to  the  absence  of  the  reflex,  the  eye 
is  more  open  and  is  therefore  subject  to  more  injuries,  the  reflex  secretion  of  tens 
is  also  arrested.  Snellen  (1857)  fixed  the  ear  of  a  rabbit  in  front  of  its  eye  so  as  to 
protect  the  latter,  and  shield  it  from  injuries,  and  he  found  that  the  inflammation 
-and  other  events  occurred  at  a  later  date,  while,  according  to  Meissner  and  Bflttner, 
if  the  eye  be  protected  by  means  of  a  complete  capsule,  the  inflammation  does  not 
occur  at  all  There  can  be  no  doubt  that  the  loss  of  the  sensibility  of  the  eye 
favours  the  occurrence  of  the  inflammation.  But  Meissner,  Bixttner,  and  Schiff 
observed  that  inflammation  of  the  eye  occurred,  when  the  trophic  (most  intemal)fibres 
alone  were  divided,  the  eye  at  the  same  time  retaining  its  sensibility;  this  would  seem 
to  indicate  the  existence  of  trophic  fibres,  but  Gohnheim  and  Senftieben  dispute  the 
statement  Conversely,  the  sensibility  of  the  eye  may  be  abolished  by  partial 
section  of  the  nerve,  yet  the  eye  does  not  become  inflamed  (Schiff).  Ranvier,  who 
denies  the  existence  of  trophic  nerves,  made  a  circular  incision  round  the  margin  of 
the  cornea  through  its  superficial  layers  so  as  to  divide  all  the  corneal  nerves. 
Insensibility  of  the  cornea  was  thereby  produced,  but  never  keratitiB.  Further, 
in  man  and  animals,  who  cannot  close  their  eyelids,  there  is  redness  with  secretion 
of  tears,  or  slight  dryness  and  opacity  of  the  surface  of  the  eyeball  {Xeroris),  but 
never  the  inflammation  already  described  (Samuel).  2.  We  must  also  take  into 
consideration  the  following : — Section  of  the  trigeminus  paralyses  the  vaso-motor 
nerves  in  the  interior  of  the  eyeball,  which  must  undoubtedly  cause  a  disturbance 
in  the  intraocular  drculation.  According  to  Jesner  and  Griinhagen,  the  trigeminus 
also  contains  vaao-dilcUor  JibreSf  whose  stimulation  is  followed  by  increased  flow 
of  blood  to  the  eye,  with  consecutive  excretion  of  the  fibrin-factors  and  increase  in 
the  amount  of  albumin  of  the  aqueous  humour.  3.  After  section  of  the  nerve,  the 
intraocular  tension  is  diminishedf  (while  stimulation  of  the  nerve  is  followed  by 
increase  of  the  intraocular  pressure),  (Hippell,  Griinhagen,  Adamiik).  This 
diminution  of  the  normal  tension  necessarily  must  alter  the  normal  relation  of  the 
filling  of  the  blood-  and  lymph- vessels,  and  also  the  movement  of  the  fluids,  upon 
which  the  normal  nutrition  is  largely  dependent  4.  W.  Kiihne  observed  that 
stimulation  of  the  corneal  nerves  was  followed  by  contraction  of  the  so-called 
oomeal-corpuscles.  Very  probably  the  movements  of  these  corpuscles  may  in- 
'fluence  the  normal  movement  of  the  lymph  in  the  canalicular  system  of  the  oomea 
(§  384);  these  movements,  however,  would  seem  to  depend  upon  the  nervous 
aystem,  so  that  its  destruction  is  likely  to  produce  disturbance  of  nutrition. 

[There  are  three  conditions  on  which  the  changes  may  depend ;  (I)  mere  loss 
of  sensibility,  which  alone  is  not  sufficient  to  explain  the  phenomena;  (2)  on 
Taso-motor  disturbance,  which  is  excluded  by  the  above  facts,  and  also  by  the 
other  consideration  that,  if  the  fifth  nerve  be  divided  and  the  superior  cervical 
ganglion  excised  simultaneously,  ophthalmia  does  not  occur,  and,  in  fact,  excision 
of  this  sympathetic  ganglion  may  modifiy  the  results  of  section  of  the  fifth 
<Sinitzin).  Thus,  we  are  forced  to  (3)  the  theory  of  trophic  fibres,  whose  centre  is 
the  Gasserian  ganglion.] 

Pathological- — 1^  cases  of  anaesthesia  of  the  trigeminus  in  man,  and  more 
rarely,  in  severe  irritation  of  this  nerve,  inflammation  of  the  conjunctiva,  ulceration 
and  perforation  of  the  cornea,  and  finally,  panophthalmia  have  been  observed 
{Charles  Bell).  This  condition  has  been  called  ophthalmia  neuroparalytica. 
Samuel  found  that  a  similar  result  was  produced  by  electrical  stimulation  of  the 
Gasserian  ganglion  in  animals. 

There  are  other  affections  of  the  eye  depending  upon  disease  of  the  vaSO-motOT 
JiervMi  which  are  quite  different  from  the  foregoing,  as  they  never  lead  to 
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degmeratiTe  chanf^.  Such  ii  OphthftlnUft  UtMniittWK  C^ne  to  malaria),  a 
nnilatersl,  intermittent,  eiceMiTe  tilling  of  the  blood-vesselH  of  the  eye,  accom- 
paniedby  thesBcretionofteart,  photophobia,  often  accompanied  bjiritia  and  effiuiou 
of  pne  into  the  diamben  of  t^e  eye.  Thia  condition  was  regarded  oa  a  vaao- 
uenrotic  affection  of  the  ocniar  blood-veieela  by  Eolenbnrg  and  Landois. 
Pathological  obaarrationi,  as  well  ai  experiments  npon  «-"''"»l')  (Mooren  and 
Btunpf)  have  shown,  that  there  is  an  intimate  physiological  connectioa  between 
the  vascnlar  areas  of  both  eyes,  so  that  affections  of  the  vascular  area  of  one  eye 
are  apt  to  induce  similar  distnFbancee  of  tlie  opposite  eye.  This  serves  to  explain 
the  &ct,  that  inflammatory  procewet  in  the  interior  of  one  eyeball  are  apt  to 
prodnoe  a  similar  condition  in  the  other  eye.  This  is  the  so-called  "  lympatlletio 
OphthftllDU  "  (CMtins,  Felix,  97  a.  d).  Thus,  stdmnlation  of  the  ciliary  nerves,  or 
the  fifth  on  ont  side,  canses  dilatation  of  the  blood-vessels  not  only  on  its  own  side, 
bnt  also  on  the  other  side  as  well  (Jesner  and  Qrilnhageo).  The  pathological 
condition  of  glaueoma  umplez,  where  the  intraocular  tension  m  greatly  increased, 
ia  aacribed  by  Dondera  to  irritation  of  the  trigeminus.  [Increased  intraocular 
tensioD  may  be  produced  by  irritation  of  the  secretory  fibres  contained  in  the 
fifth  nerve  (Donders),  by  stiranlating  the  nucleus  of  the  trigeminuB  in  the  medulla 
oblongata  (Hippell  and  GrUnhagen),  and  alsorefiexly  by  irritation  of  the  peripheral 
branches  of  the  fifth,  as  by  nicotin  placed  in  the  eye.  It  ia  poamble,  however, 
that  some  forms  of  glaacoma  are  produced  by  diminished  removal  of  the  aqueous 
humour  from  the  eye.] 


II.  Superior  Maxillary  Division. 

(e). — It  gives  off : — 

1.  The  delicate  recnrrent  nerve,  a  sensory  bnuich  to  the  dura  mater, 
which  accompanies  the  vaso-motor  nervea,  derived  from  the  superior 
cervical  ganglion  of  the  sympathetic,  and  is  distributed  to  the  area  of 
the  middle  meningeal  artery. 

2.  The  snbcataneons  malar  (o— or  orbital)  supplies  by  its  temporal 
and  orbital  branches,  sensitnlUy  to  the  lateral  angle  of  the  eye  and  the 
adjoining  area  of  skin  of  the  temple  and  the  cheek.  Certain  fibres  of 
the  nerve  are  said  to  be  the  true  secretory  nervea  for  tears.  Compare 
N.  lacrimalia,  p.  792,  (Herzenstein  and  Wolferz). 

3.  The  dental,  anterior,  posterior,  and  medius,  and  with  them  the 
anterior  fibres  from  the  infraorbital  nerve,  supply  sensory  fibres  to  the 
teeth  in  the  upper  jaw,  (p.  794),  the  gum,  periosteum,  and  the  cavities 
of  the  jaw.  The  vaso-motor  nerves  of  all  these  parts  are  supplied 
from  the  upper  cervical  ganghon  of  the  sympathetic. 

i.  The  infraorbital  (E),  after  ita  exit  from  the  infraorbital  foramen, 
supplies  sensory  nerves  to  the  lower  eyelid,  the  bridge  and  sides  of  the 
nose,  and  the  upper  lip  as  far  as  the  angle  of  the  mouth.  The  accom- 
panying artery  receives  its  vaao-motor  fibres  from  the  superior  cervical 
ganglion  of  the  sympathetic.  With  regard  to  the  fibres  for  the  secre- 
tion of  sweat  which  occur  in  it  (pig)  see  p.  608. 

The   sphenopalatine    ganglion    (Meckel's — n)   forms   con- 
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nectionfl  with  the  II.  divinon.  To  it  pass  two  short  sensmy  root* 
fibres  from  the  11.  dirision  itself  which  ore  called  spheno-palaime. 
Motor  fibres  enter  the  ganglion  from  behind,  through  the  large  snper- 
ficial  petrosal  branch  of  the  facial  (j — ^Bidder,  Nuhn);  and,  lastly,  grey 
wuo-fnotor  fibres  (v)  from  the  sympathetic  plexus  on  the  carotid,  (the 
deep  large  petrosal  nerve).  The  motor  and  vaso-motor  fibres  form  the 
Vidian  nerve,  which  reaches  the  ganglion  through  the  canal  of  the 
same  name. 

Branches  of  the  Ganglion. — ^The  branches  proceeding  from  the 
ganglion  are : — 

1.  The  sensory  fibres  (N)  which  supply  the  roof,  lateral  walls,  and 
septum  of  the  nose  (posterior  and  superior  nasal);  the  terminal 
fibres  of  the  naso-palatine  pass  through  the  canalis  incisivus  to  the  hard 
palate,  behind  the  incisor  teeth.  The  sensory  inferior  and  posterior 
nasals  for  the  lower  and  middle  turbinated  bones  and  both  lower 
nasal  ducts,  are  derived  from  the  anterior  palatine  branch  of  the 
ganglion,  which  descends  in  the  palato-maxillary  canal.  Lastly,  the 
sensory  branches  for  the  hard  (p)  and  soft  palate  (p^,  and  the 
tonsils  arise  from  the  posterior  palatine  nerve.  All  the  sensory  fibres 
of  the  nose — (see  also  the  Ethmoidal  nerve)  when  stimulated,  cause  the 
reflex  act  of  sneezing  (p.  249).  Preparatory  to  the  act  of  sneezing, 
there  is  always  a  peculiar  feeling  of  tickling  in  the  nose,  which 
is  perhaps  due  to  dilatation  of  the  nasal  blood-vessels.  This  dilatation 
is  rapidly  caused  by  cold,  more  especially  when  it  is  applied  directly 
to  the  skin.  The  dilatation  of  the  vessels  is  followed  by  an  increased 
secretion  of  watery  fluid  from  the  nasal  mucous  membrane.  Stimula- 
tion of  the  nasal  nerves  also  causes  a  reflex  secretion  of  tears^  and  it 
may  also  cause  stand-still  of  the  respiratory  movements  in  the  expiratory 
phase  (Bering  and  ELratschmer) — (compare  Respiratory  centre,  §  368). 

2.  The  motor  branches  descend  in  the  posterior  palatine  nerve 
through  the  small  palatine  canal,  and  give  off  {h)  motor  branches 
to  the  elevator  of  the  soft  palate  and  azygos  uvuIsb  (Nuhn,  Friihwald). 
The  sensory  fibres  for  these  muscles  are  supplied  by  the  trigeminus. 
According  to  Politzer,  spasmodic  contraction  of  these  muscles  occa- 
sionally causes  crackling  noises  in  the  ears. 

3.  The  vaso-motor  nerves  of  this  entire  area  arise  from  the 
sympathetic  root,  i.e.,  from  the  upper  cervical  ganglion.  (It  is  not 
proved  whether  they  spring  from  the  trigeminus  itself— compare  III., 
division,  3). 

4.  It  is  as  yet  unknown  whether  the  secretory  fibres  for  the  glands 
of  the  whole  palate  are  derived  from  the  facial  or  sympathetic. 

Stimulation  of  the  OangUon. — ^Feeble  electrical  stimulation  of  the  exposed 
ganglion,  canaes  a  oopiom  secretion  of  mncna  and  an  incTease  of  the  temperature 
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in  tibo  BMe  (Pr6vo6t)»  and  the  Bame  ia  tme  of  atimnlation  of  the  aapedor  maxillary 
nenre  ( Jolyet).    In  thia  oaae,  the  zeaolt  is  due  to  a  reflex  atimnlation  of  the  aenaoxy 
fibrea  acting  through  the  raso-motor  and  secretory  nervea,  while  direct  stimnlatJon 
of  the  nasal  mnoons  membrane  acta  in  the  same  way. 
pftackel's  ganglion  has  been  excised  in  certain  coaea  d  neoralg^  (Walahaim)*] 


in.  Merior  MaziUary. 

(g). — ^It  contains  all  the  motor  fibres  of  the  fifths  along  with  a  number 
of  sensory  fiibres;  it  gives  off — 

1.  The  recurrent  which  springs  by  itself  from  the  sensory  root,  enters 
the  skull  through  the  foramen  spinosum,  and  along  with  the  nenre  of 
the  same  name  from  the  II.  division,  it  supplies  sensory  fibres  to  the 
dura  mater.  Fibres  proceed  from  it  through  the  petroso-squamosal 
fissure  to  the  mucous  membrane  of  the  cells  of  the  mastoid  process. 

2.  Motor  fibres  for  the  muscles  of  mastication,  viz.,  the  masseteric, 
the  two  deep  temporal  nerves,  and  the  internal  and  external  pterygoid 
nerves.  The  sensory  fibcea  for  the  muadea  axe  supplied  by  the  sensory 
fibres. 

3.  The  buccinator  is  a  sensory  nerve  for  the  mucous  membnuie  of 
tiux  ch^k,  and  the  angle  o£  the  mouth  as  far  as  the  lips. 

According  to  Jolyet  and  Laffont,  it  contains  in  addition,  vaao-motor  fibres  fat  the 
mwioaa  membrane  of  the  cheek,  lower  Hp,  and  their  mncona  glands ;  hot  these 
fbtm  ate  probably  dsrivad  trom  the  sympathetic. 

Trophio  Fibres-— Aa  this  region  of  the  mucona  membrane  of  the  month 
ulcerates  after  aection  of  the  tdgeminns,  some  have  supposed  that  the  buccinator 
nerve  contains  trophic  fibres.  But,  as  Bollett  pointed  out,  section  of  the  inferior 
maxillary  nerve  paralyses  the  muscles  of  mastication  on  the  same  side,  and,  henoe^ 
the  teeth  do  not  act  vertically  upon  each  other,  but  press  against  the  cheek.  Owing 
to  the  loss  of  the  sensibility  of  the  mouth,  food  passes  between  the  gum  and  the 
cheek,  where  it  may  remain  attached,  undergo  decomposition,  and  perhaps 
chemically  irritate  the  mucous  membrane.  At  a  later  stage,  owing  to  the  wearing 
away  of  the  teeth  in  an  oblique  manner,  ulcere  b^gin  to  form  on  the  sound  side. 
Hence,  there  is  no  necessity  for  assuming  the  existence  of  trophic  fibres  in  this 
nerve.  After  section  of  the  trigeminus,  the  nasal  mucous  membrane  on  the  same 
aide  beoomes  red  and  congested.  Thia  ia  due  to  the  &ct  that,  dust  or  mucus, 
not  being  removed  from  the  nose  by  the  usual  zaflex  aeU,  remains  there,  irritates, 
and  ultimately  causes  inflammation. 

4.  The  lingual  (k)  receives  at  an  acute  angle  the  chorda  tympani  {i  %), 
a  branch  of  the  facial  The  lingual  does  not  contain  any  motor 
fibres;  it  is  the  sensory  and  tadUe  nerve  of  the  anterior  two- 
thirds  of  the  tongue,  of  the  anterior  palatine  arch,  the  tonsil,  and  the 
floor  of  the  moutL  Theses,  as  well  as  all  the  other  sensory  fibres  of 
the  mouth,  when  stimulated,  cause  a  reflex  secreUon  of  saliva  (compare 
}  146).  The  lingual  is  accompanied  by  the  nerve  of  taste  (chorda)  for 
the  tip  and  margins  of  the  tongue  {is,,  the  parts  not  supplied  by  the 
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glosso-pharyngeal).  After  section  of  the  lingual  nerve  in  man,  Bnsch, 
Inzani,  and  Lussana  found  that  the  tactile  sensibility  was  lost  in  the 
half  of  the  tongue,  and  there  was  loss  of  taste  in  the  anterior  part  [two- 
thirds]  of  the  tongue.  The  fibres  which  administer  to  the  sense  of  taste 
do  not  as  a  rule  belong  to  the  lingual  itself,  but  are  derived  from  the 
chorda  iymjpanu  This  is  fully  set  forth  at  p.  805.  According  to  Schiff, 
the  lingual  nerve  is  the  gustatory  nerve,  and  some  cases  of  Erb  and 
Senator  support  this  view.  Such  cases,  however,  seem  to  be  exceptions 
to  the  general  rule.  The  lingual  nerve  in  the  substance  of  the  tongue 
is  provided  with  small  ganglia  (Remak,  Stirling).  Schiff  observed 
that  section  of  the  lingual  (and  also  of  the  hypoglossal)  caused  redness 
of  the  tongue,  so  that  vaso-motor  fibres  are  present  in  its  course.  It  is 
unknown  whether  these  are  derived  from  the  anastomoses  of  the 
Gasserian  ganglion  with  the  sympathetic.  The  lingual  appears  to 
receive  vaso-dilator  fibres  from  the  chorda,  for  the  tongue  and  gum 
(§  349). 

After  section  of  the  trigeminus,  animalB  frequently  bite  their  tongue,  aa  they 
cannot  feel  the  position  and  movementa  of  this  organ  in  the  mouth. 

5.  The  inferior  dental  is  the  sensory  branch  to  the  teeth  and  gum; 
the  vaso-motor  fibres  reach  it  from  the  superior  cervical  ganglion. 
Before  it  passes  into  the  canal  in  the  lower  jaw,  it  gives  off  the 
mylohyoid  nerve,  which  supplies  motor  fibres  to  the  mylohyoid  and  the 
anterior  belly  of  the  digastric,  and  also  some  fibres  to  the  triangularis 
menti  and  the  platysma ;  the  muscular  sensory  nerves  also  lie  in  these 
branches.  The  mental  nerve,  which  issues  from  the  mental  foramen,  is 
the  sensory  nerve  for  the  chin,  under  lip,  and  the  skin  at  the  margin  of 
the  jaw. 

6.  The  auriculo-temporal  gives  sensory  branches  to  the  anterior  wall 
of  the  external  auditory  meatus,  the  tympanic  membrane,  the  anterior 
part  of  the  ear,  the  adjoining  region  of  the  temple,  and  to  the 
maxillary  articulation. 

Fig.  323  shows  the  distribution  of  the  branches  of  the  trigeminus  on  the  head, 
and  the  cervical  nerves,  so  that  the  distribution  of  ansdsthetic  and  hypersesthetic 
areas  may  easily  be  made  out. 

The  otic  gangUon  (m)  lies  beneath  the  foramen  ovale  on  the  inner 
side  of  the  third  division.  Its  roots  are : — 1,  Short  motor  fibres  from 
the  third  division;  2,  vaso-motor  from  the  plexus  around  the  middle 
meningeal  artery,  (ultimately  derived  from  the  cervical  ganglion  of  the 
sympathetic);  3,  fibres  (X)  run  from  the  tympanic  branch  of  the  glosso- 
pharyngeal to  the  tympanic  plexus,  and  from  thence  through  the 
canaliculus  petrosus  in  the  small  superficial  petrosal  in  the  cranium^ 
then  through  a  small  canal  between  the  apex  of  the  petrous  bone  and 
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the  sphenoid,  to  reach  the  otic  ganglion.     Throngh  the  chorda  tympani, 
the  facial  nerve  is  constantly  connected  with  the  ganglion  (Fig.  3^2). 


Fig.  323. 
DiatribntioD  of  tiie  sensorj  DerreB  ou  the  beiul  ai  well  as  the  position  of  the  motor 
poinla  on  the  neck— fi'O,  Area  of  distribution  of  the  saprit-orbital  nerve 
ST,  supra-trochlear  1  IT,  infra-trocbleai ;  L,  litcbiymal ;  y,  ethmoidal 
10,  iufnt-orbit«l ;  £,  buccinator;  SM,  ntbcntanetu  molie;  AT,  aaricnlo. 
temporal;  JJf,  great  anricQlor;  OMj,  grout  occi(dtal ;  OJfi,  lesser  occipital 
Of,  three  cervical  nerrea ;  C8,  cntaneona  branchea  of  the  cervical  nervei 
C  W,  r^cm  of  the  oentral  convolationB  of  the  brain ;  SC,  region  of  the  speech- 
centre  (third  left  frontal  oonvolntioD). 

The  branches  of  the  otic  ganglion  are  : — 1,  the  motor  twigs  for  the 
tensor  tympani  and  tensor  of  the  soft  palate  (these  fibrea  are  mixed 
with  sensory  fibres — Ludwig  and  Polit^er);  2,  one  or  more  branches 
connecting  the  ganglion  with  the  auriculo-temporal  are  carried  by  the 
loote  2  and  3,  from  the  eympathetic  and  glosEO-pharyngeal,  which  the 
anricnlo-temporal  nerve  (A),  as  it  passes  through  the  parotid  gland  (P), 


m 


602        THE  SUB-MAXILLART  GANGLION  AND  ITS  OONNBCnONa 

gives  off  to  the  gland.     These  are  the  secretory  fibres  for  the  parotid — 
their  functions  are  stated  in  §  145. 

Section  of  the  trigenuniis  is  followed  by  inflammatory  changes  in  the  (rabbit) 
tympanic  cavity;  the  degree  of  inflammatinn  varies  much  (Berthold  and  Griinhagen, 
Kirchner).    Section  of  the  sympathetic  or  ^aao-pharyngeal  has  no  effect. 

The  sub-maxillary  ganglion  (X)  lies  close  to  the  convex  arch 
of  the  tympanico-lingual  nerve  and  the  excretory  duct  of  the  sub- 
maxillary gland  (M),    Its  roots  are — 

1.  Branches  of  the  chorda  tympam,  t,  «,  (which  undergo  fatty 
degeneration  after  section  of  facial  nerve — ^YulpiaD).  This  root 
4supplies  secretory  fibres  to  the  sub-maxillary  and  sub-lingual  glands,  but 
it  also  supplies  vaso-dilatar  fibres  for  the  blood-vessels  of  the  sama 
glands  (§145).  In  addition,  fibres  are  supplied  to  the  smooth 
muscular  fibres  in  Wharton's  dnct  All  the  fibres  of  the  chorda  do 
not  pass  into  the  gland ;  some  paaa  along  with  the  lingual  nerve  into 
the  tongue — (see  Chorda,  under  Fadai  Akw). 

2.  The  sympathetic  root  of  the  gan^on  arises  from  the  plexus 
around  the  submental  branch  of  the  external  maxillary  artery  (g)»  (a, 
ultimately  from  the  superior  cervical  ganj^ion ;  it  passes  to  the  gland, 
and  contains  secretory  fibres,  whose  afcimnlaianTi  is  followed  bj  the 
secretion  of  thick,  concentrated,  saliva  (trophic  nerve  of  the  gland). 
It  also  carries  the  vaso-constrictor  nerves  to  the  gland  (p.  287). 

3.  The  sensory  root  springs  from  the  lingual  Some  of  the  fibres, 
after  passing  through  the  ganglion,  supply  the  gland  and  its  excretory 
ducts,  while  a  few  issue  from  the  ganglion,  and  again  join  the  tympanico- 
lingual  nerve  to  reach  the  tongue. 

Pathological- — ^TrismUSi  or  spcum  of  the  muAdea  of  nKUttcation,  supplied 
by  the  third  division,  is  nsoally  bilateral;  it  may  be  clonic  in  its  nature  (chattering 
of  the  teeth),  or  tonic,  when  it  constitutes  the  condition  of  lock-jaw  or  trismus. 
The  spasms  are  usually  individual  symptoms  of  more  extensive  eonvuliiana,  move 
rarely  when  they  occur  alone,  they  are  symptomatic  of  diseaae  of  the  oecebrum, 
medulla,  pons,  and  cortex  of  the  frontal  convolutions  (Eulenbuzg).  The  spasms 
may  be  caused  reflexly,  e.g, ,  by  stimulation  of  the  sensory  nerves  of  the  bead. 

Paralysis-— -D^i^^^o^OA  of  the  motor  nudei,  or  aifectioos  of  the  intra^nnial 
root  of  the  nerve  causes  paralysis  of  the  muscles  of  mastication,  ^riiich  is  very 
rarely  bilateral.  PandysiB  of  the  tensor  tympani  is  said  to  cause  difficulty  of 
hearing  (Romberg),  or  buzzing  in  the  ears  (Benedict).  We  require  further 
observations  upon  this  point,  as  well  as  upon  paralysis  of  the  tensor  of  the  soft 
palate. 

Neuralgia  may  occur  in  all  the  branches  of  the  fifth.  It  conaisti  of  severe 
attacks  of  pain  shooting  into  the  expansions  of  the  nerves.  It  is  usually  unilateral, 
and  in  fact,  is  often  confined  to  one  branch,  or  even  to  a  few  twigs  of  one  branch. 
The  point  from  which  the  pain  proceeds  is  frequently  the  bony  canal  through 
which  the  branch  issues.  The  ear,  dura  mater,  and  tongue^  are  rarely  attacked. 
The  attack  is  not  unfirequently  accompanied  by  contractions  or  ttoUchings  of  the 
corresponding  group  of  the  facial  muscles.    The  twitchings  are  either  reflex,  or 
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are  doe  to  direct  peripheral  irritation  of  the  fihres  of  the  facial  nenre^  which  are 
mixed  with  the  terminal  branches  of  the  trigeminus.  The  reflex  twitchings  maybe 
extensively  distribnted,  involving  even  the  muscles  of  the  arm  and  trunk. 

Hedness  or  congestion  of  the  affected  part  of  the  face  is  a  not  unfrequent 
symptom  in  neuralgia,  and  it  may  be  accompanied  by  increased  or  diminished  secre- 
tion from  the  nasal  and  buccal  mucous  membranes.  This  is  a  reflex  phenomenon, 
the  sympathetic  being  afiected.  Reflex  stimulation  of  the  yaso-motor  nerves 
frequently  gives  rise  to  disturbance  of  the  cerebral  a^ivitka,  owing  to  changes  in 
the  distribution  of  the  blood  in  the  head.  Ludwig  and  Bittmar  found  that  stimu- 
lation of  sensory  nerves  caused  a  reflex  contraction  of  the  arterial  blood-vessels, 
and  increase  of  the  blood  pressure  in  the  cerebral  vessels.  Sometimes  there  is 
melancholy  or  hypochondriasis,  and  in  one  case  of  violent  pain  in  the  inferior 
maxillary  nerve,  the  attack  was  accompanied  by  hallucinations  of  vision. 

The  trophic  disturbanOdS  which  sometimes  accompany  affections  of  the 
trigeminus  are  particularly  interesting.  They  are :  a  brittle  character  of  the  Aoir, 
which  frequently  becomes  grey,  or  may  fall  out ;  circumscribed  areas  of  iti/lam- 
mation  of  the  aHn,  and  the  appearance  of  a  vesicular  eruption  upon  the  face,  [often 
following  the  distribution  of  certain  nerves]  and  constituting  herpes,  which  may 
also  occur  on  the  cornea,  constituting  th&  neuralgic  Jierpes  cornea  of  Schmidt- 
Kimpler. 

Lastly,  there  is  the  progressive  atrophy  of  tho  faC6  which  is  usually 
confined  to  one  side,  but  may  occur  on  both  sides  (Eulenburg,  Flasher).  It  is 
caused  very  probably  by  a  trophic  affection  of  the  trigeminus,  although  the 
vaso-motor  nerves  may  also  be  affected  reflexly.  Landois  found  that  in  the  faonous 
case  of  Romberg,  a  man  named  Schwahn,  the  sphygmographic  tracing  of  the 
carotid  pulse  of  the  atrophied  side  was  distinctly  smaller  than  on  the  sound  side. 

Urbantschitsch  made  the  remarkable  observation  that  stimulation  of  the 
branches  of  the  trigeminus,  especially  those  going  to  the  ear,  caused  an  increase 
of  the  sensation  of  light  in  the  person  so  stimulated.  Blowing  upon  the  cheeks 
or  nasal  mucous  membrane,  electrical  stimulation,  the  use  of  snuff,  smelling  strong 
periumes — ^all  temporarily  increase  the  sensation  of  light.  The  senses  of  taste  and 
smell,  as  well  as  the  sensibility  of  certain  areas  of  the  skin,  can  all  be  exalted 
reflexly  by  gentle  stimulation  of  the  trigeminus.  In  intense  affections  of  the  ear, 
whereby  the  fibres  of  the  trigeminus  are  often  affected  sympathetically,  these 
sensory  functions  may  be  diminished.  As  the  ear  malady  begins  to  improve,  the 
excitability  of  these  sense  organs  also  again  begins  to  improve. 

[Complete  section  of  the  trigeminus  results  in  loss  of  sensibility  in 
all  the  parts  supplied  by  it  (Fig.  323),  including  one  side  of  the  face, 
temple,  part  of  the  ear,  the  fore  part  of  the  head,  conjunctiva,  cornea, 
mouth,  gums,  Schneideriau  mucous  membrane,  anterior  two-thirds  of 
the  tongue,  and  part  of  pharynx.  In  drinking  from  a  vessel,  the 
patient  feels  as  if  one  side  of  it  were  cut  away.  The  muscles  of 
mastication  are  paralysed  on  that  side.  The  mucous  membranes  tend 
to  ulcerate,  that  of  the  mouth  being  chafed  by  the  teeth,  the  gums  get 
spongy,  the  nasal  mucous  membrane  tends  to  ulcerate,  so  that  smell  is 
interfered  with,  and  ammonia  excites  no  reflex  acts,  while  the  eye 
undergoes  panophthalmia.] 

348.  VI.  Nervus  Abduoens. 

Anatomical. — It  arises  slightly  in  front  of  and  partly  from  the  nucleus  of  the 
Jacial  nerve  (which  corresponds  to  the  anterior  horn  of  the  spinal  cord),  from  large- 
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celled  gamglia  in  the  deeper  part  of  the  anterior  region  of  the  fourth  ventricle, 
(emenentia  teres,  Fig.  in  §  .366).  [Its  nncleus  is  connected  with  the  nucleas  of  the 
third  nerve  of  the  opposite  side.]  It  appears  at  the  posterior  margin  of  the  pona 
(Rg.  321,  VI). 

Function. — ^It  is  the  voluntary  nerve  of  the  external  rectus  muscle. 
In  co-ordinated  movements  of  the  eyeballs,  however,  it  is  involuntary. 

Anastomoses. — Branches  reach  it  from  the  sympathetic  upon  the  cavernous 
einns  (Fig.  322).  A  few  come  from  the  trigeminus,  and  their  function  is  analogous 
to  similar  fibres  supplied  to  the  trochlearis  and  bculomotorius. 

Pathologioal. — Complete  paralysis  causes  squinting  inwards,  and  consequent 
diplopia.  In  dogs,  section  of  the  cervical  sympathetic  causes  a  slight  deviation  of 
the  eyeball  inwards  (Petit).  This  is  explained  by  the  fact  that  the  abducens 
receives  a  few  motor-fibres  from  the  cervical  sympathetic.  SpoMu  of  the  abducens 
causes  external  squint. 

Squint. — In  addition  to  paralysis  or  stimulation  of  certain  nerves  producing 
■quint,  it  is  to  be  remembered  that  it  poay  also  be  caused  by  a  primary  affection  of 
the  muscles  thentiselves,  e.g.,  congenital  shortness,  contracture,  or  injuries  of  these 
muscles.  It  may  also  be  brought  about,  owing  to  opacities  of  the  transparent 
media  of  the  eye ;  a  person  with,  say  an  opacity  of  the  cornea,  rotates  the  affected 
eye  involuntarily,  so  that  the  rays  of  light  may  enter  the  eye  through  a  clear  part 
of  the  media. 

349.  VII.  Nervus  Facialis. 

AnatomioaL — This  nerve  consists  entirely  of  efferent  fibres,  and  arises  from 
the  floor  of  the  fourth  ventricle  from  the  **/acial  micleus'^  (Fig.  in  §366),  which  lies 
behind  the  orgin  of  the  abducens,  and  also  by  some  fibres  from  the  nucleus  of  the 
abducens,  [although  Gowers's  observations  do  not  confirm  this].  Other  fibres  arise 
from  the  lenticular  nucleus  of  the  opposite  side  (§  378,  I).  It  consists  of  two 
roots,  the  smaUer — portio  intermedia  of  Wrisberg—forms  a  connection  with  the 
auditory  nerve  (see  §  350).  The  intermediate  portion  is  to  be  regarded  as  a 
''survival*'  of  a  condition  present  in  lower  vertebrates,  where  the  facial  and  glosso- 
pharyngeal are  united  into  a  single  nerve  (Duval).  Along  with  the  auditory 
nerve,  it  traverses  the  poms  acusticus  internus,  where  it  passes  into  the  facial  or 
Fallopian  canaL  At  first  it  has  a  transverse  direction  as  far  as  the  hiatus  of  this 
canal;  it  then  bends  at  an  acute  angle  at  the  ''knee"  (a)  above  the  tympanic 
cavity,  to  descend  in  an  osseous  canal  in  the  posterior  wall  of  this  space  (Fig.  322). 
It  emerges  from  the  stylo-maatoid  foramen,  pierces  the  parotid  gland,  and  is  dis- 
tributed in  a  fan-shaped  manner  (pes  anscrinus  major).  [The  superficial  origin 
is  at  the  lower  margin  of  the  pons,  in  the  depression  between  the  olivary  body  and 
the  restifonn  body,  and  is  indicated  in  Fig.  321,  YII  a]. 

Its  branches  (Fig.  322,  p.  794)  are: — 

1.  The  motor,  large  superficial  petrosal  (j).  It  arises  from  the  ''knee'^ 
or  geniculate  ganglion  within  the  Fallopian  canal,  in  the  cavity  of 
the  skull,  runs  upon  the  anterior  surface  of  the  temporal  bone,  traverses 
the  foramen  lacerum  medium  on  the  under  surface  of  the  base  of  the 
skull,  and  passes  through  the  Vidian  canal  to  reach  the  spheno-palatine 
ganglion  (p.  797).  It  is  uncertain  whether  this  nerve  conveys  sensonj 
branches  from  the  second  division  of  the  trigeminus  to  the  facial. 
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2.  Connecting  branches  (J3)  pass  from  the  geniculate  ganglion  to  the 
otic  ganglion.  For  the  course  and  function  of  these  fibres,  see  Olic 
ganglion  (p.  800). 

3.  The  motor  branch  to  the  stapedius  muscle  (y). 

4.  The  chorda  tympani  (i,i)  (Varolius,  1573)  arises  from  the  facial 
before  it  emerges  at  the  stylomastoid  foramen  (s),  runs  through  the 
tympanic  cavity  (above  the  tendon  of  the  tensor  tympanic  between  the 
handle  of  the  malleus  and  the  long  process  of  the  incus),  passes  out  of 
the  skull  through  the  petrotympanic  fissure,  and  then  joins  the  lingual 
nerve  at  an  acute  angle  (p.  799,  4).     Before  it  unites  with  this  nerve, 
it  exchanges  fibres  with  the  otic  ganglion  (m).     Thus,  sensory  fibres  can 
enter  the  chorda  from  the  third  division  of  the  trigeminu3  (K  Bischoflf), 
which  may  run  centripetally  to  the  facial  to  be  distributed  along  with 
it.     In  the  same  way,  sensory  fibres  may  pass  from  the  lingual  nerve 
through  the  chorda,  into  the  facial  (Longet).      Stimulation   of  the 
chorda — ^which  even  in  man,  may  be  done  in  cases  where  the  tympanic 
membrane  is   destroyed — causes   a  prickling  feeling  in  the  anterior 
margins  and  tip  of  the  tongue  (Troltsch).     0.  Wolfe  found  that  the 
section  of  the  chorda  in  man,  abolished  the  sensibility  for  tactile  and 
thermal  stimuli  upon  the  tip  of  the  tongue ;  and  the  same  was  true  of 
the  sense  of  taste  in  this  region.     It  is  supposed  by  Calori  that  these 
fibres  enter  the  facial  nerve  at  its  periphery  (especially  through  the 
auriculo-temporal  into  the  branches  of  the  facial) ;  that  they  run  in 
a  centripetal  direction  in  the  facial,  and  afterwards  pursue  a  centri- 
fugal course  in  the  chorda.     The  chorda  also  contains  secretory  and  vaso- 
dilator fibres  for  the  sub-maxillary  and  sub-lingual  glands  (see  p.  287). 

Gustatory  Fibres. — The  chorda  also   contains  fibres  administering 
to  the  sense  of  taste,  which  are  conveyed  to  the  tongue  along  the  course 
of  the  lingual  (p.  799) — (Roux,  Baragiola,  Inzani,  Lussana,  Neumann), 
Urbantschitsch  made  observations  upon  a  man  whose  chorda  was  freely 
exposed,  and  in  whom  its  stimulation  in  the  tympanic  cavity  caused  a^ 
sensation  of  taste  (and  also  of  touch)  in  the  margins  and  tip  of  the 
tongua     According  to  Stich,  disturbances  of  the  sense  of  taste  never 
occur  when  there  is  a  purely  central  paralysis  of  the  facial,  but  always 
when  the  paralysis  occurs  at  the  stylomastoid  foramen  (s),  and  occasionally 
when  the  facial  is  interrupted  in  its  course  within  the  temporal  bone. 
The  general  result  of  the  above  observation  shows  that,  gustatory  fibres 
must  enter  the  trunk  of  the  facial  outside  the  stylomastoid  foramen. 
At  first  they  follow  a  centripetal  direction  in  the  trunk  of  the  facial^ 
and  afterwards  pass  into  the  chorda.     Stich  supposes  that  the  auriculo- 
temporal, by  means  of  its  anastomoses  on  the  face,  conveys  these  fibres. 
This  view,  however,  cannot  be  maintained,  as  in  paralysis  of  the  wholo 
trigeminus  the  sense  of  taste  is  not  afiected  (Althaus,  Vicioli). 
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It  is  more  probable  that  the  gustatory  fibres  come  from  the  glosso-pharyngeaL 
There  are  several  chamiels  open  to  the  fibres.  First,  apart  from  a  few  fibres  which 
the  glosso-pharyngeal  supplies  to  the  portio  intermedia  (Duval),  there  is  a  channel 
beyond  the  stylomastoid  foramen,  viz.,  through  the  ramus  communicans  cum 
glosso-pharyngeo  (Fig.  322,  t),  which  passes  firom  the  last-mentioned  nerve  in 
that  branch  of  the  facial  which  contains  the  motor  fibres  for  the  stylohyoid  and 
posterior  belly  of  the  digastric  (Henle's  N.  styloideus).  This  union  explains  the 
constant  disturbance  of  taste,  following  injury  to  the  facial  at  the  stylomastoid 
foramen.  This  nerve  also  supplies  muscular  sensibility  to  the  stylohyoid  and 
posterior  belly  of  the  digastric  muscles.  It  is  also  assumed  that,  by  means  of 
these  anastomoses,  motor  fibres  are  supplied  by  the  facial  to  the  glosso-phar3aigeal 
nerve. 

A  second  channel  of  union  of  the  glosso-pharyngeal  and  facial  nerves  occurs  in 
the  tympanic  cavity.  The  tympanic  branch  of  the  glosso-pharyngeal  (x),  passes 
into  tiiis  cavity,  where  it  unites  in  the  tympanic  plexus  with  the  small  superficial 
petrosal  nerve  (0),  which  springs  from  the  knee  on  the  facial.  The  gustatory  fibres 
may  first  pass  into  the  otic  ganglion,  which  is  always  connected  with  the  chorda 
(otic  ganglion — ^p.  800,  3).  Lastly,  a  third  connection  is  described  through  a  twig 
(r)  from  the  petrous  ganglion  of  the  glosso-pharyngeal,  direct  to  the  facial  trunk 
within  the  Fallopian  canal  (Garibaldi). 

Vaso-dilator  Fibres. — According  to  some  observers,  the  chorda  con- 
tains vaso-dilator  fibres  for  the  anterior  portion  of  the  tongue;  and, 
lastly,  according  to  CI.  Bernard,  motor  fibres  for  the  superficial  lingual 
muscle. 

5,  Connection  with  Vagus. — Before  the  chorda  is  given  off,  the 
trunk  of  the  facial  comes  into  direct  relation  with  the  auricular  branch 
of  the  vagus  (S),  which  crosses  it  in  the  mastoid  canal  (see  Vagus),  and 
supplies  it  with  sensory  fibres. 

Fsendo-motor  Action.— From  I  to  3  weeks  after  the  section  of  the 
hypoglossal  nerve,  stimulation  of  the  chorda  causes  movements  in  the 
tongue  (Philippeaux  and  Vulpian,  R.  Heidenhain).  These  movements 
are  not  so  energetic,  and  occur  more  slowly  than  those  caused  by 
stimulation  of  the  hypoglossal.  Nicotin  first  excites,  then  paralyses  the 
motor  effect  of  the  chorda.  Even  after  cessation  of  the  circulation, 
stimulation  of  the  chorda  causes  movements.  Heidenhain  supposes 
that,  owing  to  the  stimulation  of  the  chorda,  there  is  an  increased  se- 
cretion of  lymph  within  the  musculature,  which  acts  as  the  eause  of 
the  muscular  contraction.     He  called  this  action  ^^  pseudo-motor^ 

6.  Peripheral  Branches. — After  the  facial  issues  from  its  canal,  it 
supplies  motor  fibres  to  the  stylohyoid  and  posterior  belly  of  the 
digastric,  the  occipitalis,  and  also  to  all  the  muscles  of  the  external  ear 
and  the  muscles  of  expression,  to  the  buccinator  and  platysma.  The 
facial  also  contains  secretory  fibres  for  the  face. — (Compare  §  288.) 

Although  most  of  the  branches  of  the  hciaX  are  under  the  influence  of  the  will, 
yet  most  men  cannot  voluntarily  move  the  muscles  of  the  nose  and  ear. 

Anastomoses. — ^The  branches  of  the  seventh  nerve  on  the  face 
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anastomose  with  those  of  the  trigemitius.  Thus,  sensory  fibres  are  con- 
veyed to  the  muscles  of  expression.  The  sensory  branches  of  [the 
auricular  branch  of  the  vagus  and  the  great  auricular  enter  the  peri- 
pheral ends  of  the  facial  and  supply  sensibility  to  the  mnscles  of  the 
ear,  while  the  sensory  fibres  of  the  third  cervical  nerve  similarly  supply 
the  platysma  with  sensibility.  Section  of  the  facial,  at  the  stylomastoid 
foramen  is  painful,  but  it  is  still  more  so  if  the  peripheral  branches  on  the 
face  are  divided  (Magendie). — (Compare  Recurrent  sensibUUy,  §  366.) 

Fatholoffioal- — In  ^  cases  of  paralysis  °f  the  facial,  the  most  important 
point  to  determine  ia  whether  the  se&t  of  the  affection  ii  in  the  periphtr]/,  in  tile  re- 
gion  of  the  at; lotnsstoid  foramen,  or  in  the  course  of  the  long  Fallopian  canal,  or  u 
central  (cerebral)  in  its  origin.  This  point  most  be  detonuinedjl^  an  analysiajof 
the  aymptoma.   Paralyus  at  the  stylomuitoid  foramen  is  verj  frequent!  j  rhtumalie. 


Fig.  324. 

Motor  pomtB  of  the  facial  nerve  and  the  £u:ial  mtwclea  supplied  by  it 

(after  Bchhorat). 

and  probably  depends  upon  an  exudation  compresatug  the  nerve ;  the  exudation 
probably  occupying  the  lynph-apace  described  by  Budinger  on  the  inner  side  of 
the  Fallopian  canal,  between  the  periosteum  and  the  nerve,  and  which  is  a  con- 
tinuation of  the  arachnoid  space.  Other  caases  are— Inflamma^on  of  the  parotid 
gland,  direct  injury,  and  pressure  from  the  forceps  during  delivery.  In  the  eouru 
qfUte  coRoI,  the  causes  are— Fracture  of  the  temporal  bone,  effusion  of  blood  into  the 
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canal,  ayphilitic  effnaiona,  and  cariea  of  the  temporal  bone;  the  last  aometimfia 
oocon  In  inflammation  of  the  ear.  Amongst  intraeranial  causes  are^Affectiona 
of  the  membranes  of  the  brain,  and  of  the  base  of  the  skull  in  the  region  of  the 
nerre,  disease  of  the  **fajaal  nucleus;"  lastly,  affection  of  the  cortical  centre  of  the 
aerve  and  its  omnections  with  the  nucleus,  pio  nerve  is  so  liable  as  the  seventh 
to  be  para^sed  independently]. 

Symptoms  of  Unilateral  Paralysis  of  the  Facial  or  [Bell's  Paralysis].— 

1.  Paralysis  of  the  muscUs  of  expression:  The  forehead  is  smooth,  without  folds, 
the  eyelids  remain  open  {LagoplUhalmus  paralyticus),  the  outer  angle  being 
slightly  lower.  The  anterior  surface  of  the  eye  rapidly  becomes  dry,  the 
cornea  is  dull,  as,  owing  to  the  paralysis  of  the  orbicularis,  the  tears  are 
not  properly  distriljuted  over  the  conjunctiva,  and,  in  fact,  in  consequence 
of  the  dryness  of  the  eyebaU,  there  may  be  temporary  inflammation  {KeraJUiU 
xarotica).  In  order  to  protect  the  eyebaU  from  the  light,  the  patient  turns 
it  upwards  under  the  upper  eyelid  (Bell),  relaxes  the  levator  palpelvas, 
which  allows  the  lid  to  &11  somewhat  (Uasse).  The  nose  is  immovable,  while 
the  naso-labial  fold  is  obliterated.  As  the  nostnls  cannot  be  dilated,  the 
sense  of  smell  is  interfered  with.  The  impairment  of  the  sense  of  smell  depends 
more,  however,  upon  the  imperfect  conduction  of  the  tears,  owing  to  paredysiB 
of  the  orbicularis  palpebrarum  and  Homer's  masde,  and  thus  causing  dryness 
of  the  corresponding  side  of  the  nasal  cavity.  Horses,  which  distend  the  nostrils 
widely  during  respiration,  after  section  of  both  facial  nerves  are  said  by  CL 
Bernard  to  die  from  interference  with  the  respiration,  or  at  least  they  suffer 
from  severe  dyspnoea  (EUenberger).  The  face  is  drawn  towards  the  sound  side, 
so  that  the  nose,  mouth,  and  chin  are  oblique. 

Paralysis  of  the  buccinator  interferes  with  the  proper  formation  of  the  bolus  of 
food  (p.  299) ;  the  food  collects  between  the  cheek  and  the  gum,  from  which  it  is 
usually  removed  by  the  patient  ^ith  his  fingers ;  saliva  and  fluids  escape  from 
the  angle  of  the  mouth.  During  vigorous  expiration,  the  cheeks  are  puffed 
outwards  like  a  sail.  The  speech  may  be  affected  owing  to  the  difficulty  of 
sounding  the  lal/ial  consonants  (e8X)ecially  in  double  paralysis),  and  the  vowels, 
n,  ii  (ue),  '6  (oe) ;  while  the  8i)eech,  in  paralysis  of  the  branches  to  both  sides  of 
the  palate,  becomes  nasal  (§  628 — Cuming).  The  acts  of  whistling,  sucking, 
blowing,  and  spitting  are  interfered  with. 

Ill  double  paralysis*  many  of  these  symptoms  are  greatly  intensified,  while 
others,  such  as  the  oblique  position  of  the  features  disappear.  The  features  are 
completely  relaxed ;  there  is  no  mimetic  play  of  the  features,  the  patients  weep 
and  laugh,  ''as  it  were,  behind  a  mask"  (Romberg).  2.  In  paralysis  of  the 
palate,  when  the  uvula  is  directed  towards  the  sound  side,  and  the  paralysed  half 
of  the  palate  hangs  down  and  cannot  be  raised  G^rge  superficial  petrosal  nerve), 
it  is  not  determined  to  what  extent  this  condition  influences  the  ad  qf  deglutition 
and  the  formation  of  the  consonants.  Taste  is  interfered  with ;  either  it  is  absent 
on  the  anterior  two-thirds  of  the  tongue,  or  the  sensation  is  delayed  and  altered. 
This  is  due  to  an  affection  of  the  chorda.  4.  Diminution  of  saliva  on  the  affected 
side  was  first  described  by  Arnold;  still,  we  must  determine  to  what  extent  a  sim- 
ultaneous affection  of  the  sense  of  taste  may  cause  a  reflex  interference  with  the 
secretion  of  saliva,  or  whether  rapid  removal  of  the  saliva  through  the  opened  lips 
and  angle  of  the  mouth  may  cause  the  dryness  on  the  affected  side  of  the  mouth. 
6.  Roux  pointed  out  that  hearing  is  affected,  the  sensibility  to  sounds  being 
increased  {Oxyakoia,  sive  Hyperahusis  Willisiana.)  The  paralysis  of  the  stape- 
dius muscle  makes  the  stapes  loose  in  the  fenestra  ovalis,  so  that  aU  impulses 
from  the  tympanum  act  vigorously  upon  the  stapes,  which  consequently  excites 
considerable  vibrations  in  the  fluid  of  the  inner  ear.  More  rarely,  in  paralysis 
of  the  stapedius,  it  has  been  observed  that  low  notes  are  heard  at  a  greater 
distance  than  on  the  sound  side  (Lucae,  Moos). 
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As  the  facial  in  man  appears  to  contain  fibres  for  the  secretion  of  sweat,  this 
explains  the  loss  of  the  power  of  sweating  in  the  face,  when  the  nerve  begins  to 
atrophy  (Strauss,  Bloch). 

Section  of  the  facial  in  young;  animals  causes  atrophy  of  the  corresponding 
muscles.  The  facial  bones  are  also  imperfectly  developed ;  they  remain  smaller^ 
and  hence  the  bones  of  the  sound  side  of  the  face  grow  towards,  and  ultimately 
across,  the  middle  line  towards  the  affected  side  (Brown-S^uard,  Brucke,  Schauta^ 
Oudden).     The  salivary  glands  also  remain  smaller  (Brucke). 

Stimulation— or  irritation  in  the  area  of  the/octoZ—causes  partial  or  eztensive, 
either  direct  or  reflex,  tonic  or  clonic  spasms.  The  extensive  forms  are  known  as 
**  mimetic  facial  spasm"  Amongst  the  partial  forms,  are  tonic  contraction  qfihe 
eyelid  {Blepharospasm)  which  is  most  common ;  and  is  caused  reflexly  by  stimu- 
lation of  the  sensory  nerves  of  the  eye—e.^.,  in  scrofulous  ophthalmia,  or  frcna 
excessive  sensibility  of  the  retina  {photophobia).  More  rarely  the  excitement  pro- 
eeeds  from  some  more  distant  part — e.g,,  in  one  cause  recoided  by  v.  Grilfe,  from 
inflammatory  stimulation  of  the  anterior  palatine  arch.  The  oentre  for  the  reflex 
is  the  facial  nucleus. 

The  clonic  form  of  wg/saxxL-^spasmodie  winking  {Spasmtis  nictitans),  is  usually  of 
reflex  origin,  due  to  irritation  of  the  eye,  the  dental  nerves,  or  even  of  more  distant 
nerves.  In  severe  cases,  the  affection  may  be  bilateral,  and  the  spasms  may 
extend  to  the  muscles  of  the  neck,  trunk,  and  upper  extremities.  Contraction  of 
the  muscles  of  the  lip  may  be  excited  by  emotions  (rage,  grief),  or  reflexly. 
Fibrillar  contractions  occur  after  section  of  the  facial  aa  a  "  degeneration-pheno- 
menon "  (p.  640).  Intracranial  stimulation  of  the  most  varied  description  may 
cause  spasms.  Lastly,  fieu^l  spasm  may  be  part  of  a  general  spasmodic  conditioiiy 
as  in  epilepsy,  chorea,  hysteria,  tetanus.  Aretaeus  (81  a.d.)  made  the  interesting 
observation  that  the  muscles  of  the  ear  contracted  during  tetanus.  Very  rarely 
have  spasmodic  elevation  of  the  palate  and  increased  salivation  been  described  as 
the  result  of  irritation  of  the  facial  (Leube).  Moos  observed  a  profbse  secretion, 
of  saliva  on  stimulating  the  chorda  during  an  operation  on  the  tympanic  cavity.     ^ 
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Anatomical. — This  nerve  arises  from  tux>  nuclei  (Stieda),  whose  ganglionic  cells 
anastomose.  The  nuclei  lie  in  the  broadest  part  of  the  calamus  scriptorius ;  a 
process  from  a  spinal  centre  reaches  them  (Roller).  The  anterior  nucleus,  which 
is  connected  with  the  portio  intermedia  Wrisbergii,  appears  to  contain  vaso-motor 
fibres.  Part  of  its  fibres  run  through  the  pedunculus  cerebelli  to  the  cerebellum ; 
very  probably  they  are  connected  with  the  regulation  of  the  equilibrium.  The  white 
strim  medullares,  which  run  transversely  across  the  floor  of  the  fourth  ventricle, 
are  said  to  pass  into  the  pedunculus  cerebelli  of  the  opposite  side.  According  to 
Meynert,  fibres  of  the  auditory  nerve  pass  in  channels  as  yet  undetermined  from 
the  cerebellum  to  the  pedunculus  cerebri,  and  ultimately  to  the  cortex  of  the  brain, 
in  which  in  the  tempero-sphenoidal  lobes  is  placed  their  cortical  centre  (§378,  IV.). 
In  the  sheep  and  horse,  the  two  chief  branches  of  the  auditory  nerve — ^the  cochlear 
and  vestibular  nerves— arise  separately,  which  points  to  the  independence  of  their 
functions  (Horbaczewski) — (Fig.  321,  VII  6).  In  the  course  of  the  internal  auditory 
meatus,  the  auditory  and  portio  intermedia  of  the  fiicial  exchange  fibres,  but  the 
physiological  significance  of  this  is  unknown. 

Function. — The  acusticus  or  auditory  nerve  has  a  double  function : — 
1.  It  is  the  nerve  of  hearing ;  when  stimulated,  either  at  its  origin,  in 
its  course,  or  at  its  peripheral  terminations,  it  gives  rise  to  miaatiom 
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of  sound.    Every  injury,  according  to  its  intensity  and  extent,  causea 
hardness  of  hearing  or  even  deafness. 

2.  Quite  distinct  from  the  foregoing  is  the  other  function,  which 
depends  upon  the  semicircular  canals — wiz,,  that  stimulation  of  the^ 
peripheral  expansions  in  the  ampullse  influences  the  movements  neces- 
sary for  maintaining  the  equilibrium  of  the  body. 

Brenner's  Formula.~The  relation  of  the  auditory  nerve  to  the  galvanic  cur- 
rent is  very  important.  In  healthy  persons,  when  there  is  closure  at  the  cathode, 
there  is  the  sensation  of  a  dang  (or  tone)  in  the  ear,  which  continues  with  varia- 
tions while  the  current  is  closed.  When  the  anode  is  opened,  there  is  a  feebler 
tone  (Brenner*s  Normal  Acoustic  Formula),  This  clang  coincides  exactly  with 
the  resonance  fundamental  tone  of  the  sound-conducting  apparatus  of  the  ear  itself. 

Pathological. — Increased  aensibUUy  of  the  auditory  nerve  in  any  part  of  iter 
course,  its  centre,  or  peripheral  expansions  causes  the  condition  known  as  hyper- 
akuMf  which  usually  is  a  sign  of  extensive,  increased  nervous  excitability,  as  in 
hysteria.  When  excessive,  it  may  give  rise  to  distinctly  painful  impressions,  which 
condition  is  known  as  acoustic  hyperalgia  (Eulenburg).  Slimulationol the  parts  above- 
named  causes  sensations  of  sound,  the  most  common  being  the  sensation  of  singing  in 
the  ears,  or  tinnitus.  This  condition  is  often  due  to  changes  in  the  amount  of  blood 
in  the  blood- vesseLs  of  the  ear—either  anaemic  or  hypersemic  stimulation.  There 
is  well  marked  tinnitus  after  laige  doses  of  quinine  or  salicin,  due  to  the  vaso- 
motor effect  of  these  drugs  upon  the  vessels  of  the  labyrinth  (Kirchner).  Not 
unfrequently  in  cases  of  tinnitus,  the  reaction  due  to  the  galvanic  current  is  often 
increased.  More  rarely  there  is  the  so-called  ** paradoxical  reaction^* — t.e.,  on 
applying  the  galvanic  current  to  one  ear,  in  addition  to  the  reaction  in  this  ear, 
there  is  the  opposite  result  in  the  non-stimulated  ear.  In  other  cases  of  disease  of 
the  auditory  nerve,  noises  rather  than  musical  notes  are  produced  by  the  current  ^ 
stimtUcUion,  especiaUy  of  the  cortical  centre  of  the  auditory  nerve,  chiefly  in 
lunatics,  may  cause  auditory  delusions  (§  378,  IV. ).  According  as  the  excitability  of 
the  auditory  nerve  is  diminished  or  abolished,  there  is  the  condition  of  nervous 
hardness  of  hearing  {Hypakusis),  or  nervous  deafness  CAnakusis), 

The  Semicircular  Canals  of  the  Labyrinth. — Section  or  injury  to 
these  canals  does  not  interfere  with  hearing,  but  other  important 
symptoms  follow  their  injury,  such  as  disturbances  of  equilibrium 
due  to  a  feeling  of  giddiness,  especially  when  the  injury  is  bilateral 
(Flourens).     This  does  not  occur  in  fishes  (Kieselbach). 

The  pendulum-like  movement  of  the  head  in  the  direction  of  the  plane  of 
the  injured  canal  is  very  characteristia  If  the  horizontal  canal  is  divided^ 
the  head  (of  the  pigeon)  is  turned  alternately  to  the  right  and  left» 
The  rotation  takes  place,  especially  when  the  animal  is  about  to  execute 
a  movement;  when  it  is  at  rest,  the  movement  is  less  pronounced. 
The  phenomenon  may  last  for  months,  and  injury  to  the  posterior  vertical 
canals  causes  a  well-marked  up  and  down  movement  or  nodding  of  the 
head,  the  animal  itself  not  unfrequently  falling  forwards  or  backwards. 
Injury  to  the  superior  vertical  canals  also  causes  pendulum-like  vertical 
movements  of  the  head,  while  the  animal  often  falls  forwards.  When 
all  the  canals  are  destroyed,  various  pendulum-like  movements  are  per- 
formed, while  standing  is  often  impossible.     Breuer  found  that  electrical 
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stimulation  of  the  canals  caused  rotation  of  the  head,  while  Landois, 
on  applying  a  solution  of  salt  to  the  canals,  observed  pendulum-like 
movements,  which,  however,  disappeared  after  a  time.  A  25  per 
cent,  solution  of  chloral  dropped  into  the  ear  of  a  rabbit  causes,  after 
15  minutes,  a  similar  destruction  of  the  canals  (Vulpian).  Section 
of  the  acoustic  nerves  within  the  cranium  has  the  same  result 
(Bechterew). 

Explanation. — Goltz  regards  the  canals  as  organs  of  sense  for  ascertaining  the 
equilibrium  or  position  of  the  head  in  space ;  Mach,  as  an  organ  for  ascertaining  the 
movements  of  the  head.  According  to  Goltz's  statical  theory*  every  position  of 
the  head  causes  the  endolymph  to  exert  the  greatest  pressure  upon  a  certain  part  of 
the  canals,  and  thus  excites  in  a  varying  degree  the  nerve-terminations  in  the 
ampullie.  According  to  Breuer,  when  the  head  is  rotated,  currents  are  produced  in 
the  endolymph  of  the  canals,  which  must  have  a  fixed  relation  to  the  direction  and 
extent  of  the  movements  of  the  head,  and  these  currents,  therefore,  when  they  are 
perceived,  afford  a  means  of  determining  the  movement  of  the  head.  The  nerve 
end-organs  of  the  ampullie  are  arranged  for  ascertaining  this  perception.  If  the 
semicircular  canals  are  an  apparatus— in  fact,  "sense-organs"  (Goltz)— for  the 
sensation  of  the  equilibrium,  and  whose  function  is  to  determine  the  position  or 
movements  of  the  head,  necessarily  their  destruction  or  stimulation  must  alter 
these  perceptions,  and  so  give  rise  to  abnormal  movements  of  the  head.  Vulpian 
regards  the  rotation  of  the  head  as  due  to  strong  auditory  perceptions  (?)  in  conse- 
quence of  affections  of  the  canals.  Biittcher,  Tomaszewicz,  and  Baginsky  regard 
the  injury  to  the  cerebellum  as  the  cause  of  the  phenomena.  The  pendulum-like 
movements,  however,  are  so  characteristic  that  they  cannot  be  confounded  with 
disturbances  of  the  equilibrium  which  result  from  injury  to  the  cerebellum. 

[Kinetic  Theory. — In  1875  Crum  Brown  pointed  out  that  if  a  person  be  rotated 
passively,  his  eyes  being  bandaged,  he  can,  up  to  a  certain  point,  indicate  pretty 
accurately  the  amount  of  movement,  but  after  a  time  this  cannot  be  done,  and  if 
the  rotation,  as  on  a  potter's  wheel,  be  stopped,  the  sense  of  rotation  continues. 
Crum  Brown  suggested  that  currents  were  produced  in  the  endolymph,  while  the 
terminal  hair-cells  lagged  behind,  and  were,  in 
fact,  dragged  through  the  fluid.  He  pointed  out 
that  the  right  posterior  canal  is  in  line  with  the 
left  superior,  and  the  left  posterior  with  the 
right  superior,  a  fact  which  is  readily  observed 
by  looking  from  behind  at  a  skull,  with  the  semi- 
circular canals  exposed  (Fig.  325).  He  assumes 
that  the  canals  are  paired  organs,  and  that  each 
pair  is  connected  with  rotation  or  movement  of 
the  head  in  a  particular  direction.  Lp  y  N  jj^p 

Giddiness.  —  This    feeling     of    false  Fig.  325. 

impressions    as     to    the     relations     of   l^Jagram  of  the  disposition  of  the 

.,  J.  J  -  semicircular  canals— RS  and 

the  surroundings,  and  consequent  move-  ^S^  ^^^  ^^^  ^^^^  ^^^^^^ . 

ments  of   the    body,    occurs    especially  LPandRP,  right  and  left  pos- 

during  acquired  changes  in  the  normal  tenor ;  LE  and  RE,  right  and. 

movements  of  the  eyes,  whether  due  to  ^®**  external, 

involuntary  to  and  fro  movements  of  the  eyeballs  (nystagmus),  or  to 
paralysis  of  some  eye  muscle. 

Active  or  passive   movements   of  the  head   or  of  the  body  are 
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normallj  accompanied  by  simultaneous  movementB  of  both  eyeballs, 
which  are  characteristic  for  every  position  of  the  body.  The 
general  character  of  these  ''compensatory^'  bilateral  movements  of  the 
eyes  consists  in  this,  that  during  the  various  changes  in  the  position 
of  the  head  and  body,  the  eyes  strive  to  maintain  their  primary  passive 
position.  Section  of  the  aqueduct  of  Sylvius  at  the  level  of  the  corpora 
quadrigemina,  of  the  floor  of  the  fourth  ventricle,  of  the  auditory- 
nucleus,  both  acustici,  as  well  as  destruction  of  both  membranous 
labyrinths,  causes  disappearance  of  these  movements ;  while,  conversely^ 
stimulation  of  these  parts  is  followed  by  bOateral  associated  movements 
of  the  eyeballs. 

Compensatory  movements  of  the  eyeballs,  under  normal  circum* 
stances,  may  be  caused  reflexly  from  the  membranous  labyrinth.  Nerve 
channels,  capable  of  exciting  reflex  movements  of  both  eyes,  proceed 
from  both  labyrinths,  and,  indeed,  both  eyes  are  affected  from  both 
labyrinths.  These  channels  pass  through  the  auditory  nerve  to  the 
centre  (nuclei  of  the  3rd,  4th,  6th,  and  8th  cranial  nerves),  and  from 
the  latter  efferent  fibres  pass  to  the  muscles  of  the  eye  (Hogyes). 

Cyon  found  that  stimulation  of  the  horizontal  semicircular  canal  was  followed  by 
horizontal  nystagmus ;  of  the  posterior,  by  vertical,  and  of  the  anterior  canal,  by 
diagonal  nystagmus.  Stimulation  of  one  auditory  nerve  is  followed  by  rotating 
nystagmus,  and  rotation  of  the  body  of  the  animal  on  its  axis  towards  the  stimulated 
ijide. 

Chloroform  and  other  poisons  enfeeble  the  compensatory  movements  of  the  eye- 
balls, while  nicotin  and  asphyxia  suppress  them,  owing  to  their  action  on  their 
nerve  centre. 

It  is  probable  that  the  disturbances  of  equilibrium  and  the  feeling 
of  giddiness,  which  follow  the  passage  of  a  galvanic  current  through 
the  head  between  the  mastoid  processes,  are  also  due  to  an  action  upon 
the  semicircular  canals  of  the  labyrinth  (§  380).  Deviation  of  the 
eyeballs  is  produced  by  such  a  galvanic  current  (Hitzig).  The  same 
result  is  produced  when  the  two  electrodes  are  placed  in  the  external 
auditory  meatuses. 

Pathological — Meniere's  Disease. — The  feeling  of  giddiness,  not  unfrequently 
accompanied  by  tinnitus,  which  occurs  in  MenUre^a  disease^  must  be  referred  to  an 
affection  of  the  nerves  of  the  ampullae  or  their  central  organs,  or  of  the  semicircular 
cauals  themselves.  By  injecting  fluid  violently  into  the  ear  of  a  rabbit,  giddiness, 
with  nystagmus  and  rotation  of  the  head  towards  the  side  operated  on,  are  produced 
(Baginsky).  In  cases  in  man,  where  the  tympanic  membrane  was  defective,  Lucsb, 
when  employing  the  so-called  ear-air-douche  at  O'l  atmosphere,  observed  abduc- 
tion of  the  eyeball  with  diplopia,  giddiness,  darkness  in  front  of  the  eyes,  while 
the  respiration  was  deeper  and  accelerated.  These  phenomena  must  be  due  to 
fitimulation  or  exhaustion  of  the  vestibular  branch  of  the  auditory  nerve  (Hiigyes). 
In  chronic  gastric  catarrh,  a  tendency  to  giddiness  is  an  occasional  symptom  (Trous- 
eeau's  gastric  giddiness).  This  may,  perhaps,  be  caused  by  stimulation  of  the 
gastric  nerves  exciting  the  vaso-motor  nerves  of  the  labyrinth,  which  must  affect 
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the  pressure  of  the  endolymph.    Analogous  giddiness  is  excited  from  the  larynx 
(Charcot),  and  from  the  urethra  (Erlenmeyer). 

[Vertigo  or  giddiness  is  a  very  common  symptom  in  disease,  and  may  be 
produced  by  a  great  many  different  conditions.  It  is  sometimes  due  to  a  want  of 
harmony  between  the  impressions  derived  from  different  sense-organs  or  **  contra- 
dictoriness  of  sensory  impressions''  (Grainger  Stewart),  as  is  sometimes  felt  on 
ascending  or  descending  a  stair,  or  by  some  persons  while  standing  on  a  high  tower, 
constituting  tower  or  cliff  giddiness.  One  of  the  most  remarkable  conditions  is 
that  called  *^ Agoraphobia'*  (Benedikt,  Westphal>  The  person  can  walk  quite 
well  in  a  narrow  lane  or  street,  but  when  he  attempts  to  cross  a  wide  square,  he 
experiences  a  feelmg  closely  allied  to  giddmess.  The  giddiness  of  sea-sickness  is 
proverbial,  while  some  persons  get  giddy  with  waltzing  or  swinging.  Besides 
occurring  in  Meniere's  disease,  it  sometimes  occurs  in  locomotor  ataxia,  and  some 
cerebral  and  cerebellar  affections,  including  cerebral  anmmia.  Very  distressing 
giddiness  and  headache  ave  often  produced  by  paralysis  of  some  of  the  ocular 
muscles— 6.(7.,  the  external  rectus^  The  forms  of  dyspeptic  giddiness  and  the  toxic 
forms  due  to  the  abuse  of  alcohol,  tobacco,  and  some  other  drugs  are  familiar 
examples  of  this  condition.] 

351.  IX.  Nervus  Glosso-pharyngeus- 

Anatomical. — This  nerve  (Fig.  322,  9)  arises  from  the  nucleus  of  the  same  name, 
which  consists  partly  of  large  cells  (motor)  and  partly  of  small  cells  (belonging  to 
the  gustatory  fibres).  The  nucleus  lies  in  the  lower  half  of  the  fourth  ventricle, 
deep  in  the  medulla  oblongata,  near  the  olive  (Fig.  in  §  366).  The  nucleus  is  con- 
nected with  that  of  the  va^s.  A  special  root  ascending  from  the  spinal  cord 
applies  itself  to  the  fibres,  and  perhaps  (like  the  spinal  roots  of  the  2nd  and  8th 
nerves)  serves  for  the  production  of  spinal  reflexes  (Roller).  The  fibres  collect 
into  two  trunks,  which  afterwards  unite  and  leave  the  medulla  oblongata  in  front 
of  the  vagus.  In  the  f ossula  petrosa  it  has  on  it  the  petrous  ganglion^  from  which, 
occasionally,  a  special  part  on  the  posterior  twig  is  separated  within  the  skull  as 
the  ganglion  of  Ehrenritter.  Communicating  branches  are  sent  from  the  petrous 
ganglion  to  the  trigeminus,  facial  («  and  'jr),  vagus  and  carotid  plexus.  From  this 
ganglion  also  the  tympanic  nerve  (\)  ascends  vertically  in  the  tympanic  cavity, 
where  it  unites  with  the  tympanic  plexus.  This  branch  (§  349,  4)  gives  sensory 
fibres  to  the  tympanic  cavity  and  the  Eustachian  tube ;  while,  in  the  dog,  it  also 
carries  secretory  fibres  for  the  parotid  into  the  small  superficial  petrosal  nerve 
(Heidenhain-§  145). 

Function. — (1.)  It  is  the  nerve  of  taste  for  the  posterior  third  of  the 
tongue,  the  lateral  part  of  the  soft  palate,  and  the  glosso-palatine  arch 
(compare  §  422). 

The  nerve  of  taste  for  the  anterior  two- thirds  of  the  tongue  is  referred  to  under 
the  lingual  (§  347,  III,  4),  and  chorda  tympani  (§  349,  4)  nerves.  The  glossal 
branches  are  provided  with  ganglia,  especially  where  the  nerve  divides  at  the  base 
of  the  circumvallate  papilla  (Remak,  KOlliker,  Schwalbe,  Stirling).  The  nerve 
ends  in  the  circumvallate  papillie  (Fig.  320,  U),  and  the  end-organs  are  represented 
by  the  taste  bulbs  (§  422). 

(2.)  It  is  the  sensory  nerve  for  the  posterior  third  of  the  tongue,  the 
anterior  surface  of  the  epiglottis,  the  tonsils,  the  anterior  palatine  arch, 
the  soft  palate,  and  a  part  of  the  pharynx.    From  this  nerve  there  may 
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be  discharged  nflexly,  moyements  of  deglutition,  of  the  palate  and 
pharynx  (Yolkmann),  which  may  pass  into  those  of  vomiting  (§  158). 
These  fibres,  like  the  gostatory  fibres,  can  excite  a  reflex  secretion  of 
saliva  (p.  290). 

(3.)  It  is  the  motor  nerve  for  the  stylo-phaiyngeos  and  middle  con- 
strictor of  the  phaxynx  (Volkmann) ;  and,  according  to  other  observers, 
to  the  (1)  glosso-palatiniis  (Hein)  and  the  (1 1)  Levator  veli  palatini  and 
azygos  uvulae,  (compare  Spheno-palaiine  ganglion^  p.  797).  It  is  doubtful 
whether  the  glosso-phaiyngeal  nerve  is  really  a  motor  nerve  at  its 
origin — although  Meynert,  Huguenin,  W.  Krause,  and  Duval  have 
described  a  motor  nucleus — or  whether  the  motor  fibres  reach  the 
nerve  at  the  petrous  ganglion,  through  the  communicating  branch  from 
the  facial 

(4.)  A  twig  aocompanies  the  lingual  artery  (Cmveilhier) — ^ihis  nerve,  perhaps,  is 
vcLW-dUator  for  the  lingual  blood-vessels. 

Fathologieal.— There  are  no  satisfactory  observations  on  man,  of  uncomplicated 
affections  of  the  glosso-pharyngeal  nerve. 

362.  X.  Nervus  Vagus. 

Anatomical. — The  nucleus  from  which  the  vagus  arises  along  with  the  9th  and 
1 1th  nerve  is  in  the  ala  cinerea  in  the  lower  half  of  the  calamus  scriptorius  (Fig.  in 
§  366),  [and  it  is  very  probably  the  representative  of  the  cells  of  the  vesicular 
column  of  Clarke].  It  leaves  the  medulla  oblongata  by  10  to  15  threads  behind  the 
9th  nerve,  between  the  divisions  of  the  lateral  column,  and  has  a  ganglion  (jugular) 
upon  it  in  the  jugular  foramen.  Its  branches  contain  fibres  which  subserve 
different  functions. 

1.  The  sensory  meningeal  branch  from  the  jugular  ganglion,  accom- 
panies the  vaso-motor  fibres  of  the  sympathetic  on  the  middle 
meningeal  artery,  and  sends  fibres  to  the  occipital  and  transverse  sinus. 

When  it  is  irritated,  as  in  congestion  of  the  head  and  inflammation  of  the  dura 
mater,  it  gives  rise  to  vomiting. 

2.  The  auricular  branch  (from  the  jugular  ganglion)  receives  a 
communicating  branch  from  the  petrous  ganglion  of  the  9th  nerve, 
traverses  the  canaliculus  mastoideus,  crossing  the  course  of  the  facial, 
with  which  it  exchanges  fibres  whose  function  is  imknown.  On  its 
course,  it  gives  sensory  branches  to  the  posterior  part  of  the  auditory 
meatus  and  the  adjoining  part  of  the  outer  ear.  A  branch  runs  along 
with  posterior  auricular  branch  of  the  facial,  and  confers  muscular 
sensibility  on  the  muscles. 

When  this  nerve  is  irritated,  either  through  inflammation  or  by  the  presence 
of  foreign  bodies  in  the  outer  ear  passage,  it  may  give  rise  to  vomiting.  Stimu- 
lation of  the  deep  part  of  the  external  auditory  meatus  in  the  region  supplied 
by  the  auricular  branch  causes  coughing  reflexly  [e,g,,  from  the  presence  of  a  pea 
in  the  ear]  (Gassins,  Felix,  97  A.D.).  Similarly,  contrcietion  of  the  blood'Vessela  of 
the  ear  may  be  caused  reflezly  (Snellen,  Lovto). 
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The  nerve  is  the  remainder  of  a  considerable  branch  of  the  yagns  which  exists 
in  fishes  and  the  larvae  of  frogs,  and  runs  under  the  skin  along  the  side  of  the  body 
(Johannes  Muller). 

3.  The  connecting  branches  of  the  vagas  are: — 1.  A  branch  which 
directlj  connects  the  petrous  ganglion  of  the  9th  with  the  jugular 
ganglion  of  the  10th;  its  function  is  unknown.  2.  Directly  above  the 
plexus  gangliiformis  vagi,  the  vagus  is  joined  by  the  whole  inner  half 
of  the  spinal  accessory.  This  nerve  conveys  to  the  vagus  the  motor  fibres 
for  the  larynx  (Bischoff,  1832),  and  the  cervical  part  of  the  (esophagus 
(which  according  to  Steiner  lie  in  the  inner  part  of  the  nerve-trunk), 
as  well  as  the  inJiibiiory  fibres  for  the  heart  (CI.  Bernard).  3.  The 
plexus  gangliiformis  fibres,  whose  function  is  unknown,  join  the  trunk 
of  the  vagus  from  the  hypoglossal,  superior  cervical  ganglion  of  the 
sympathetic,  and  the  cervical  plexus. 

4.  Pharyngeal  Plexus. — ^The  vagus  sends  one  or  two  branches  from 
the  upper  part  of  the  plexus  gangliiformis  to  the  pharyngeal  plexus, 
where  at  the  level  of  the  middle  constrictor  of  the  pharynx,  it  is  joined 
by  the  pharyngeal  branches  of  the  9th  nerve  and  those  of  the  upper 
cervical  sympathetic  ganglion,  near  the  ascending  pharyngeal  artery,  to 
form  the  pharyngeal  plexus.  The  vagal  fibres  in  this  plexus  supply  the 
three  constrictors  of  the  pharynx  with  motor  fibres,  while  the  tensor  palati 
(compare  Otic  ganglion,  p.  800)  and  levator  of  the  soft  palate  (compare 
Sphenopalatine  ganglion,  p.  797)  also  receive  motor  (1  sensory)  fibres. 
Sensory  fibres  of  the  vagus  from  the  pharyngeal  plexus  supply  the  pharynx 
from  the  part  beneath  the  soft  palate  downwards.  These  fibres  excite  the 
pharyngeal  constrictors  reflexly  during  the  act  of  swallowing  (compare 
p.  307).  If  stimulated  very  strongly  they  may  cause  vomiting.  (The 
sympathetic  fibres  of  the  oesophageal  plexus  give  vaso-motor  nerves  to 
the  oesophageal  vessels;  for  the  oesophageal  branches  of  the  9th  nerve 
see  above). 

5.  The  vagus  supplies  two  branches  to  the  larynx,  the  superior  and 
inferior  laryngeal 

(a).  The  superior  laryngeal  receives  vaso-motor  fibres  from  the  superior 
cervical  ganglion  of  the  sympathetic.  It  divides  into  two  branches, 
external  and  internal: — 1.  The  external  branch  receives  vaso-motor  fibres 
from  the  same  source,  (they  accompany  the  superior  thyroid  artery),  and 
supply  the  cricothyroid  muscle  with  motor  fibres,  and  sensory  fibres  to 
the  lower  lateral  portion  of  the  laryngeal  mucous  membrane.  2.  The 
internal  branch  gives  off  sensory  branches  only;  to  the  glosso- 
epiglottidean  fold,  and  the  adjoining  lateral  region  of  the  root  of  the 
tongue,  the  aryepiglottidean  fold,  and  to  the  whole  anterior  part  of 
the  larynx,  except  the  part  supplied  by  the  external  branch  (Longet). 
Stimulation    of   all    these    sensory  fibres    causes    coughing  reflexly* 
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Coughing  is  produced  by  stimulation  of  the  sensory  branches  of  the 
vagus  to  the  tracheal  mucous  membrane,  especially  at  the  bifurcation, 
and  also  from  the  bronchial  mucous  membrane.  Coughing  is  also 
caused  by  stimulation  of  the  auricular  branch  of  the  vagus,  especially 
in  the  deep  part  of  the  external  auditory  meatus,  of  the  pulmonaiy 
tissue,  especially  when  altered  pathologically;  in  pathological  conditions 
(inflammation)  of  the  pleura  (1  certain  changes  in  the  stomach 
[stomach-cough]),  of  the  liver  and  spleen  (Naunjm).  The  coughing 
centre  is  said  to  lie  on  each  side  of  the  raphe,  in  the  neighbourhood 
of  the  ala  cinerea  (Kohts).  Cases  of  violent  coughing  may,  owing  to 
stimulation  of  the  pharynx,  be  accompanied  by  vomiting  as  an  associated 
movement — (compare  p.  249). 

The  cough  (dog;  cat)  caused  by  stimalation  of  the  trachea  and  bronchi  occurs  at 
once,  and  lasts  as  long  as  the  stimulas  lasts ;  in  stimulation  of  the  larynx,  the 
first  effect  is  inhibition  of  the  respiration,  accompanied  by  movements  of 
deglutition,  whUe  the  cough  occurs  after  the  cessation  of  the  stimulation 
(Kandarazky). 

^e  superior  laryng^eal  contains  afferent  fibres  which,  when  stimulated, 
cause  arrtBt  of  the  respiration  and  closure  of  the  rima  glottidis  (Kosentlial) — (see 
Respiratory  centre,  §  368).  Lastly,  fibres  which  are  efferent  and  serve  to  excite 
the  vaso-motor  centre,  and  are  in  fact  **  pressor  fibres** — (see  Vaso-motor  centre, 
§371,11). 

(b).  The  inferior  laryngeal  (recurrent)  bends  on  the  left  side  around 
the  arch  of  the  aorta,  and  on  the  right,  around  the  subclavian,  and 
ascends  in  the  groove  between  the  trachea  and  oesophagus,  giving  motor 
fibres  to  these  organs,  and  the  lower  constrictors  of  the  pharynx,  and 
passes  to  the  larynx,  to  supply  motor  fibres  to  all  its  muscles,  except 
the  cricothyroid.  It  also  has  an  inhibitory  action  upon  the  respiratory 
centre  (see  §  368). 

A  OOnnecting  branch  nms  firom  the  superior  laryngeal  to  the  inferior,  (the 
anastomosis  of  Galen),  which  occasionally  gives  off  sensory  branches  to  the  upper 
half  of  the  trachea  (sometimes  to  the  larynx?);  perhaps  also  to  the  cesophagus 
(Longet),  and  sensory  fibres  (?)  for  the  muscles  of  the  larynx  suppUed  by  the 
recurrent  laryngeal  According  to  Francois  Franck,  sensory  fibres  pass  by  this 
anastomosis  from  the  recurrent  into  the  superior  laryngeal  According  to  WaUer 
and  Burckhard,  the  motor  fibres  of  both  laryngeal  nerves  are  all  derived  from  the 
acceasorius ;  while  Chauveau  maintains  that  the  cricothyroid  is  an  exception. 

Stimulation  of  the  superior  laryngeal  is  painful,  and  causes  con- 
traction of  the  cricothyroid  muscle,  (while  the  other  laryngeal  muscles 
contract  reflexly).  Section  of  both  nerves,  owing  to  paralysis  of  the 
cricothyroids  causes  slight  slowing  of  the  respirations  (Sklarek).  In 
dogs,  the  voice  becomes  deeper  and  coarser,  owing  to  diminished 
tension  of  the  vocal  cords  (Longet).  The  larynx  becomes  insensible^ 
so  that  saliva  and  particles  of  food  pass  into  the  trachea  and  lungs^ 
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without  causing  reflex  contraction  of  the  glottis  or  coughing.     This 
excites  "  traumatic  pneumonia,"  which  results  in  death  (Friedlander). 

timulation  of  the  recorrents  causes  spasm  of  the  glottis.  Section  of 
these  nerves  paralyses  the  laryngeal  muscles  supplied  by  them,  the 
voice  becomes  husky  and  hoarse  (in  the  pig — Galen,  Eiolan,  1618),  in 
man,  dog,  and  cat ;  while  rabbits  retain  their  shrill  cry.  The  glottis 
is  small,  with  every  inspiration  the  vocal  cords  approximate  con- 
siderably at  their  anterior  parts,  while  during  expiration,  they  are 
relaxed  and  are  separated  from  each  other. 
Hence,  the  inspiration,  especially  in  young  in- 
dividuals, whose  glottis  respiratoria  is  narrow, 
is  difficult  and  noisy  (Legallois) ;  while  the 
expiration  takes  place  easily.  After  a  few  days, 
the  animal  (carnivore)  becomes  more  quiet,  it 
respires  with  less  effort,  and  the  passive  vibra- 
tory movements  of  the  vocal  cords  become  less. 
Even  after  a  considerable  interval,  if  the  animal 
be  excited,  it  is  attacked  with  servere  dyspnoea, 
which  disappears  only  when  the  animal  has 
become  quiet  again.  Owing  to  paralysis  of 
the  laryngeal  mnscles,  foreign  bodies  are  apt 
to  enter  the  trachea,  while  the  paralysis  renders 
difficult  the  first  part  of  the  process  of  swallow- 
ing in  the  oesophageal  region.  Broncho-pneu- 
monia may  be  produced  (Amsperger). 

6.  The  depressor  nerve,  which  in  the  rabbit 
arises  by  one  branch  from  the  superior  laryn- 
geal, and  usually  also  by  a  second  root  from  the 
trunk  of  the  vagus  itself,  [runs  down  the  neck 
in  close  relation  with  the  vagus,  sympathetic, 
and  carotid  artery,  enters  the  thorax],  and 
joins  the  cardiac  plexus  (Fig.  326,  sc).  It  is 
an  afferent  nerve,  and  when  its  central  end  is 
stimulated,  it  diminishes  the  energy  of  the 
vaso-motor  centre,  and  thus  causes  a  fall  of  the 
blood-pressure  (hence,  the  name  given  to  it  by 
Cyon  and  Ludwig— compare  §  371,  II).  At 
the  same  time,  [if  the  vagus  on  the  opposite 
side  be  intact],  its  stimulation  affects  the  cardio- 
inhibiiary  centre,  and  thus  reflexly  diminishes  the  number  of  heart- 
beats. [Its  stimulation  also  gives  rise  to  pain,  so  that  it  is  the  sensory 
nerve  of  the  heart.] 

[If  in  a  rabbit  the  vagi  be  divided  in  the  middle  of  the  neck^  and  the 
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Fig.  326. 

Scheme  of  the  cardiac 
nerves  in  the  rabbit — 
P,  pons;  M,  medulla 
oblongata;  Vag, 
vagus;  SL,  superior 
laryngeal;  IL,  inferior 
laryngeal;  «c,8uperior 
cardiac  or  depressor;. 
i  c,  inferior  cardiac  or 
cudio-inhibitory;  H, 
heart. 
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4»ntral  end  of  the  depressor  nerve,  which  is  the  smallest  of  the  three 
nerves  near  the  carotid,  be  stimulated,  after  a  short  time  there  is  no 
alteration  of  the  heart-beats,  but  there  is  a  steady  fall  of  the  blood- 
pressure  (Fig.  76),  which  is  due  to  a  reflex  inhibition  of  the  vaso-motor 
centre,  resulting  in  a  dilatation  of  the  blood-vessels  of  the  abdomen. 
Of  course,  if  the  vagi  be  intact,  there  is  a  reflex  inhibitory  effect  on  the 
heart.  It  is  doubtful  if  the  depressor  comes  into  action  when  the  heart 
is  over-distended.  If  it  did,  of  course  the  blood-pressure  would  be 
reduced  by  the  reflex  dilatation  of  the  abdominal  blood-vessels.] 

The  depressor  nerve  is  present  in  the  cat  (Bernhardt),  hedgehog  (Anbert, 
KOver);  rat  and  mouse;  in  the  horse  and  in  man,  fibres  analogous  to  the  de- 
pressor re-enter  the  trunk  of  the  vagus  (Bernhardt,  Kreidmann).  Depressor  fibres 
Are  also  foand  in  the  rabbit  in  the  trunk  of  the  vagus  (Dreschfeldt,  Stelling). 

7.  The  cardiac  branches,  as  well  as  the  cardiac  plexus,  have  been 
-described  in  §57.  These  nerves  contain  the  inhibitary  fibres  for  the 
heart  (Fig.  326,  i  c— cardio-inhibitory — ^Edward  Weber,  November, 
1845;  Budge,  independently  in  May,  1846),  also  sensory  fibres  for 
the  heart  [in  the  frog  (Budge),  and  partly  in  mammals  (Goltz).] 
Lastly,  in  some  animals  the  heart  receives  some  of  the  accelerating 
fibres  through  the  trunk  of  the  vagus.  Feeble  stimulation  of  the  vagus 
occasionally  causes  acceleration  of  the  beats  of  the  heart  (Schiff, 
Moleschott,  Gianuzzi).  In  an  animal  poisoned  with  nicotin  or  atropin, 
which  paralyses  the  inhibitory  fibres  of  the  vagus,  stimulation  of  the 
vagus  is  followed  by  acceleration  of  the  heart-beats  (Schiff",  Schmiede- 
berg). 

8.  The  pulmonary  branches  of  the  vagus  join  the  anterior  and 
posterior  pulmonary  plexuses.  The  anterior  pulmonary  plexus  gives 
sensory  and  motor  fibres  to  the  trachea,  and  runs  on  the  anterior 
surface  of  the  branches  of  the  bronchi  into  the  lungs.  The  posterior 
plexus  is  formed  by  3  to  5  large  branches  from  the  vagus,  near  the 
bifurcation  of  the  trachea,  together  with  branches  from  the  lowest 
cervical  ganglion  of  the  sympathetic  and  fibres  from  the  cardiac 
plexus.  The  plexuses  of  opposite  sides  exchange  fibres,  and  branches 
are  given  off  which  accompany  the  bronchi  in  the  lungs.  Ganglia 
occur  in  the  course  of  the  pulmonary  branches  in  the  frog  (Arnold,  W. 
Stirling),  [newt — W.  Stirling;  and  in  mammals  (Remak,  Egerow,  W. 
Stirling)],  in  the  larynx  [Cock,  W.  Stirling],  in  the  trachea  and  bronchi 
[W.  Stirling,  Kandarazki].  Branches  proceed  from  the  pulmonary 
plexus  to  the  pericardium  and  the  superior  vena  cava  (Luschka^ 
Zuckerkandl). 

The  functions  of  the  pulmonary  branches  of  the  vagus  are — 1,  They 
supply  motor  branches  to  the  smooth  muscles  of  the  whole  bronchial 
system  (compare  p.  225) ;    2,  they  supply  a  small  part  of  the  mso- 
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motor  nerves  of  the  pulmonary  vessels  (SchiS),  but  by  far  Utte  largest 
number  of  these  nerves  (1  all)  is  supplied  from  the  connection  with  the 
sympathetic   (in   animals  from  the  first  dorsal  ganglion) — (Brown- 
S6qiiard,  A.  Fick,  Badoud,  Lichtheim) ;  3,  they  supply  sensory  (cough- 
exciting)  fibres  to  the  whole  bronchial  system,  and  to  the  lungs ;  4, 
they  give  afferent  fibres,  which,  when  stimulated,  diminish  the  activity 
of  the  ffoso-molor  centre,  and  thus  cause  a  fall  of  the  blood-pressure  during 
forced  expiration  (p.  149);  5,  and  similar  fibres  which  act  upon  the 
inhibitory  centre  of  the  heart,  and  so  influence  it  as  to  accelerate  the 
pulse-beats  (compare  §  369,  II).     Simultaneous  stimulation  of  4  and  5 
alters  the  pulse  rhythm  (Sommerbrodt);  6,  they  also  contain  affereni 
fibres  from  the  pulmonary  parenchyma  to  the  medulla  oblongata,  which 
Emulate  the  respiratory  centre.    [These  fibres  are  continually  in  action], 
and  consequently  section  of  both  vagi  is  followed  by  diminution  of 
the  number  of  respirations ;  the  respirations  become  deeper  at  the  same 
time,  while  the  same  volume  of  air  is  changed  (Valentin).     Stimulation 
of  the   central  end   of  the  vagus  again  accelerates  the  respirations 
(Traube,    J.  Rosenthal).     Thus   laboured  and  difficult  respiration  is 
explained  by  the  fact  that  the  influences  conveyed  by  these  fibres 
which  excite  the  respiratory  centre  reflexly,  are  cut  off;  so  it  is  evident 
that  centripetal  or  afferent  impulses  proceeding  upwards  in  the  vagus 
are  intimately  concerned  in  maintaining  normal  reflex  respiration; 
after  these  nerves  are    divided,  conditions  exciting  the   respiratory 
movements  must  originate  directly,  especially  in  the  medulla  oblongata 
itself  (§  368). 

Pneumonia  after  Section  of  both  Vagi. — The  inflammation  whioh  follows 

flection  of  both  vagi  has  attracted  the  attention  of  many  obaervers,  since  the  time 
of  ValsalYa,  Morgagni  (1740),  and  Legallois  (1812).    In  offering  an  explanation  of 
thia  phenomenon,  we  moat  bear  in  mind  the  following  considerationB: — (a)  Section  of 
both  ^agi  is  followed  by  loss  of  motor  power  in  the  muscles  of  the  larynx^  as  well 
as  the  stnaibilUy  of  the  larynx,  trachea,  bronchi,  and  the  Inngs,  provided  the  section, 
be  made  above  the  origin  of  the  saperior  laryngeal  nerves.    Hence,  the  glottis  is 
not  closed  daring  swallowing,  nor  is  it  closed  reflexly  when  foreign  bodies  (saliva^ 
partieles  of  food,  irrespirable  gases)  enter  the  respiratory  passages.     Even  the 
reiiex  act  of  coughing  which,  under  ordinary  circumstances,  would  get  rid  of 
the  offending  bodies  is  abolished.    Thus,  foreign  bodies  may  readily  enter  the 
lungs,  and  this  is  favoured  by  the  fisMst  that,  owing  to  the  simultaneous  paralysis 
of  the  oBsophagus,  the  food  remains  in  the  latter  for  a  time,  and  may  therefore 
oasily  enter  the  larynx.    That  this  constitntes  one  important  factor  was  proved  by 
Traube,  who  found  that  the  pneumonia  was  prevented  when  he  caused  the 
animals  to  respire  by  means  of  a  tube  inserted  into  the  trachea,  through  an  aperture 
in  the  neck.    If,  on  the  contrary,  only  the  motor  recurrent  nerves  were  divided  and 
the  oBsophagus  ligatured,  so  that  in  the  process  of  attempting  to  swallow,  food 
must  neoessarily  enter  the  respiratory  passages,  '*  traumatic  pneumonia**  was  the 
invariable  res\ilt  (Traube,  O. Frey).   (b)  A  second  factor  depends  on  the  circumstance 
that,  owing  to  the  laboured  and  difficult  respiration,  the  lunga  become  surcharged 
wUk  blood,  becanse  during  the  long  time  that  the  thorax  is  distanded,  the  praisart 
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of  the  air  within  the  longs  ib  abnonnally  low.  This  condition  of  congestion  or 
abnormal  filling  of  the  pulmonary  vessels  with  blood,  is  followed  by  aennu  exuda- 
tion (pulmonary  oedema),  and  even  by  exudation  of  blood  and  the  formation  of  pus 
in  the  air  vesicles  (Frey).  This  same  circamstance  favours  the  entrance  of  iiaid» 
through  the  glottis  (§  352,  6).  The  introduction  of  a  tracheal  cannula  will  prevent 
the  entrance  of  fluids  and  the  occurrence  of  inflammation.  It  is  probable  that  a> 
partial  paroZysM  of  the  pulmonary  vaso-motor  nerves  may  be  concerned  in  the 
inflammation,  as  this  conduces  to  an  engorgement  of  the  pulmonary  capillaries, 
(c)  Lastly,  it  is  of  consequence  to  determine  whether  trophic  fibres  are  present  in 
the  vagus,  and  which  may  influence  the  normal  condition  of  the  pulmonary  tissues.. 
According  to  Michaelson,  the  pneumonia  which  takes  place  immediately  after  section, 
of  the  vagi,  occurs  especially  in  the  lower  and  middle  lobes ;  the  pneumonia  which 
follows  section  of  the  recuirents  occurs  more  slowly,  and  causes  catarrhal  inflam- 
mation, especially  in  the  upper  lobes.  Rabbits,  as  a  rule,  die  within  24  hours 
after,  with  all  the  symptoms  of  pneumonia;  when  the  above-mentioned  precautions 
are  taken,  they  may  live  for  several  days.  Dogs  may  live  for  a  long  time.  If 
the  9th,  10th,  and  12th  nerves  be  torn  out  on  one  side  in  a  rabbit,  death  takes 
place  from  pneumonia  (GrOnhagen).  In  birds,  bilateral  section  of  the  vagi  is 
not  followed  by  pneumonia  (Blainville,  Billroth),  owing  to  the  fact  that  the 
upper  larynx  remains  closed — death  takes  place  in  eight  to  ten  days  with  the 
symptoms  of  inanition  (Elinbrodt,  Zander,  v.  Anrep),  while  the  ?ieart  undergoes 
fatty  degeneration  (Eichhorst),  and  so  do  the  liver,  stomach,  and  muscles  (v.  Anrep). 
According  to  Wassilieff,  the  heart  shows  parenchymatous  swelling  and  slight 
wax-Uke  degeneration.  Frogs,  which  at  every  respiration  open  the  glottis,  snd 
close  it  during  the  pause,  die  of  asphyxia.  Section  of  the  pulmonary  branches  has 
no  injurious  effect  (Bidder). 

9.  The  OBSophageal  plexus  is  formed  principally  by  branches  from 
the  vagus  above  the  inferior  laryngeal,  from  the  pulmonary  plexus,  and 
below  from  the  trunk  itself.  This  plexus  supplies  the  oesophagus  with 
motor  power  (p.  308),  the  sensibiliiy  which  is  present  only  in  the  upper 
part,  and  it  also  supplies  fibres  capable  of  exciting  reflex  actions. 

10.  The  gastric  plexus  consists  of  (a)  the  anterior  (left)  termination 
of  the  vagus,  which  supplies  fibres  to  the  oesophagus  and  courses  along 
the  small  curvature,  and  sends  a  few  fibres  through  the  portal  fissure 
into  the  liver ;  (b)  the  posterior  (right)  vagus,  after  giving  off  a  few 
fibres  to  the  oesophagus,  takes  part  in  the  formation  of  the  gastric 
plexus,  to  which  (c)  sympcUhetic  fibres  are  added  at  the  pylorus.  Section 
of  the  vagi  is  followed  by  hypersemia  of  the  gastric  mucous  membrane 
(Panum,  Pincus),  but  it  does  not  interfere  with  digestion  (Bidder  and 
Schmidt),  even  when  it  is  performed  at  the  cardia  (Kritzler,  Schiff — 
compare  pp.  310,  329). 

11.  About  two-thirds  of  the  right  vagus  on  the  stomach  joins  the- 
coBliac  plexus,  and  from  it  branches  accompany  the  arteries  to  the 
liver,  spleen,  pancreas,  duodenum,  kidney,  and  suprarenal  capsules. 
The  vagus  supplies  motor  fibres  to  the  stomach,  which  belong  to  the 
root  of  the  vagus  itself  and  not  to  the  accessorius  (Stilling,  Bischoff, 
Ghauveau — compare  p.  310).  The  gastric  branches  also  contain  afferent 
fibres  which,  when  stimulated,  cause  reflexly  a  secretion  of  saliva  (p.  290). 
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It  is  undetermined  whether  they  also  cause  vomiting.  The  effect  of 
the  vagus  upon  the  movements  of  the  intestine  is  discussed  with  the 
other  nerves  of  the  intestine  at  p.  319.  According  to  some  observers, 
stimulation  of  the  vagus  is  followed  by  movements  of  the  large  as  well 
as  of  the  small  intestine  (Stilling,  Kupffer,  C.  Ludwig,  Remak). 
Stimulation  of  the  peripheral  end  of  the  vagus  causes  contraction  of  the 
smooth  muscular  fibres  in  the  capsule  and  trabecul»  of  the  spleen  (in  the 
rabbit  and  dog — ^p.  2 1 0).  Stimulation  of  the  vagus  at  the  cardia,  causes 
increase  in  the  secretion  of  urine  with  dilatation  of  the  renal  vessels^ 
while  the  blood  of  the  renal  vein  becomes  more  arterial  (CL  Bernard). 
According  to  Eossbach  and  Quellhorst,  a  few  vaso-motor  fibres  are 
supplied  by  the  vagus  to  the  abdominal  organs,  whilst  the  greatest 
number  comes  from  the  splanchnic.  According  to  (Ehl,  efferent  (centri- 
fugal) motor  fibres  run  in  the  vagus  (dog)  direct  to  the  bladder,  as  well 
as  afferent  fibres  whose  stimulation  causes  reflex  contraction  of  the 
bladder.     So  far,  this  observation  has  not  been  confirmed. 

12.  Reflex  Efiiects. — ^The  vagus  and  its  branches  contain  fibres,  some 
of  which  have  been  referred  to  already,  which  act  refledy  (afferent) 
upon  certain  nervous  mechanisms, 

(a.)  On  the  vaso-motor  centre  there  act  (a)  pressor  fibres  (especially  in 
both  laryngeal  nerves),  whose  stimulation  is  f  oUowed  by  a  reflex  contraction  of  the 
arterial  blood-channels,  and  thus  cause  a  rise  of  the  blood-pressure ;  {fi)  depressor 
fibres  (in  the  depressor  or  the  vagus  itself),  which  have  exactly  an  opposite  effects 
(This  subject  is  specially  referred  to  under  the  head  of  the  Vaso-motor  nerve-cenirCf 
§  371). 

(6.)  On  the  respiratory  centre  there  act  (a)  fibres  (pulmonary  branches)  whose 
stimulation  is  followed  by  acceleration  of  the  respiration ;  and  (/9)  inhibUory  fibres 
(in  both  laryngeals),  whose  stimulation  is  followed  by  slowing  or  arrest  of  the 
respiration.     (See  Respiratory  centre^  §  368.) 

(c.)  On  the  Cardio-inhlbltory  System* — [When  the  central  end  of  one  vagus  is 
stimulated,  provided  the  other  vagus  is  intact,  the  heart  may  be  arrested  reflexly 
in  the  diastolic  phase].  Mayer  and  Pribram  observed  that  sudden  distension  of 
the  stomach  caused  slowing  and  even  arrest  of  the  heart,  while,  at  the  same 
time,  there  was  contraction  of  the  arteries  of  the  medulla  oblongata  and  increase 
of  the  blood-pressure. 

(d)  On  the  Vomiting  Centre  (p*  311). — This  centre  may  be  affected  by  stimu- 
lation of  the  central  end  of  the  vagus  and,  as  already  mentioned,  by  stimulation  of 
many  afferent  fibres  in  the  vagus. 

(e.)  On  the  Pancreatic  Secretion  (p>  345).— Stimulation  of  the  central  end  of 
the  vagus  is  followed  by  arrest  of  this  secretion. 

(/.)  According  to  CI.  Bernard,  there  are  fibres  present  in  the  pulmonary  nerves, 
which,  when  they  are  stimulated,  increase  reflexly  the  formation  of  sngar  in 
the  liver»  perhaps  through  the  hepatic  branches  of  the  vagus. 

Unequal  Excitability* — The  various  branches  of  the  vagus  are  not  all  endowed 
with  the  same  degree  of  ex<it4ihU%ly,  If  iStie  peripheral  end  of  the  vagus  be  stimu- 
lated first  of  all  with  a  weak  stimulus,  the  laryngeal  muscles  are  first  affected,  and 
afterwards  the  heart  is  slowed  (Rutherford).  If  the  central  end  be  stimulated  with 
feeble  stimuli,  the  *'  excito-respiratory  "  fibres  are  exhausted  before  the  "inhibito- 
respiratory  "  (Burkart).    According  to  Steiner,  the  various  fibres  are  so  arranged 
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in  the  vagus  that  the  aifoniiit  fibres  lie  in  the  outer,  and  the  eflfareni  in  the  inner, 
half  of  the  tmnk,  in  the  cervical  region. 

Pathological. — stimulation  or  paralysis  in  the  area  of  the  vagus  must  neoes- 
Mrily  present  a  very  different  picture  according  as  the  affection  is  referred  to  the 
whole  trunk  or  only  to  some  of  its  branches,  or  whether  the  afiection  is  unilateral 

or  UlateraL   Paralysis  of  the  pharynx  and  CBSophans,  which  is  usually  of 

oentnJ  or  intracranial  origin,  interferes  wi^  or  abolishes  £glotition,  so  that  when 
the  oesophagus  becomes  filled  with  food,  there  is  difficulty  of  breathing,  snd  the 
food  may  even  pass  into  the  nasal  cavities.  A  peculiar  sonorous  gurgling  is  occa- 
■ioDally  heard  in  the  relaxed  canal  (deglutatio  sonora).  In  incomplete  paralysis^ 
the  act  of  deglutition  is  delayed  and  rendered  more  difficulty  while  large  masses 
are  swallowed  more  easily  than  small  ones. 

Inerecued  contraction  and  spasmodic  stricture  of  the  oesophagus  are  referred  to 
nnder  the  phenomena  of  general  nervous  excitability  (p.  380). 

Spasm  of  the  laryngeal  muscles  causes  spasmodic  closure  of  the  glottis 
{SpatmuM  glctUdit).  This  condition  is  most  apt  to  occur  in  children,  and  takes 
place  in  paroxysms,  with  eymptoms  of  dyspnoea  and  crowiog  inspiration ;  if  the  case 
be  very  severe,  there  may  be  muscular  contractions  (of  the  eye,  jaw,  digits,  Ac). 
The  symptoms  are  very  probably  due  to  the  reflex  spasms  which  may  be  discharged 
from  the  sensory  nerves  of  several  areas  (teeth,  intestine,  skin).  The  impulse  is 
conducted  along  the  sensory  nerves  proceeding  from  these  areas  to  the  medulla 
oblongata,  where  it  causes  the  discharge  of  the  reflex  mechanism  which  produces 
the  above-mentioned  results.  There  may  be  spasm  of  the  dilators  of  the  glottis 
(Frftntzel)  and  other  laryngeal  muscles. 

StimiUation  of  the  sensory  nerves  of  the  larynx,  as  is  well  known,  produces 
coughing^,  if  the  stimulation  be  very  intense,  as  in  whooping-cough,  the  fibres 
lying  in  the  laryngeal  nerves,  which  inhibit  the  respiratory  centre,  may  also  be 
stimulated ;  the  number  of  respirations  is  diminished,  and  ultimately  the  respira- 
tioQ  ceases,  the  diaphragm  being  relaxed :  while,  with  the  most  intense  stimulation, 
there  may  be  spasmodic  expiratory  arrest  of  the  respiration  with  closure  of  the 
glottis,  which  may  last  for  fifteen  seconds.  Paralysis  of  the  laryngeal  nerves,  which 
causes  disturbances  of  speech,  has  been  referred  to  in  §  313.  In  bilateral  jxiralysis 
of  the  recurrent  nerves,  in  consequence  of  tension  upon  them  due  to  dilatation  of 
tiie  aorta  and  the  subclavian  artery,  a  considerable  amount  of  air  is  breathed  out, 
owing  to  the  futile  efforts  which  the  patient  makes  in  trying  to  speak ;  expectora- 
tion is  mors  difficult,  while  violent  coughing  is  impossible  (v.  Ziemssen).  Attacks 
of  dyspnoea  occur  just  as  in  animals,  if  the  person  make  violent  efforts.  Some 
observers  (Salter,  Bergson)  have  referred  the  asthma  nervosnm  P<^rozy sms,  which 
last  for  a  quarter  of  an  hour  or  more,  and  constitute  os^ma  bronchiale,  to  stimula- 
lion  of  the  pulmonary  plexus,  causing  spasmodic  contraction  of  the  bronchial 
muscle  (p.  225).  Physical  investigation  during  the  paroxysms  reveals  nothing  bat 
the  existence  of  some  rhonchi  (p.  246).  If  this  condition  is  really  spasmodic  in  its 
nature  (?of  the  vessels),  it  must  be  usually  of  a  reflex  character;  the  afferent  nerves 
may  be  those  of  the  lung,  skin,  or  genitals  (in  hysteria).  Perhaps,  however,  it  is 
due  to  a  temporary  paralysis  of  the  pulmonary  nerves  (afferent),  which  excite 
the  respiratory  centre  (excito-respiratory). 

Stimulation  of  the  cardiac  branches  of  the  vagus  may  cause  attacks  of 
temporary  suspension  of  the  cardiac  contractions,  which  are  accompanied 
by  a  feeling  of  great  depression  and  of  impending  dissolution,  with  occasion- 
ally, pain  in  the  region  of  the  heart  Attacks  of  this  sort  may  be  produced 
reflexly,  e,g,y  by  stimulation  or  irritation  of  the  abdominal  organs  (as  in  the 
experiment  of  Golts  of  tapping  the  intestines).  Hennoch  and  Silbermann  ob- 
served slowing  of  the  action  of  the  heart  in  children  suffering  from  gastric  irri- 
tation. Similarly,  the  respiration  may  be  affected  reflexly  through  the  vagus,  a 
condition  described  by  Hennoch  as  asthma  dyspqptieum.    In  cases  of  intermittent 
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paralyms  of  the  oardiao  branches  of  the  vagus,  we  rarely  find  acceleration  of  the 
poise  above  160  (Biegel),  200  (Tuczek,  L.  Langer,  Weil);  even  240  pulse-beats  per 
minate  have  been  recorded  (Kuppert),  and  in  such  cases  the  beats  vary  much  im 
rhythm  and  force,  and  they  are  very  irregular.  These  cases  require  to  be  move 
minutely  analysed,  as  it  is  not  clear  how  much  is  due  to  paralysis  of  the  vagus 
and  how  much  to  the  action  of  the  accelerating  mechanism  of  the  heart.  Little  is 
known  of  affections  of  the  intra-abdominal  fibres  of  the  vagus.  It  seems  that  the 
sensory  branches  of  the  stomach  do  not  come  from  the  vagus. 

If  the  trunk  of  the  vagus  or  its  centre  be  paralysed,  there  are  laboured,  deep, 
slow  respirations,  such  as  follow  the  section  of  both  vagi  (Guttmann). 


353.  XL  Nervus  Accessorius  Willisii. 

Anatomical- — "^^^  nerve  arises  by  two  completely  separate  roots ;  one  from 
the  accessorius  nucleus  of  the  meduUa  oblongata  (Fig.  in  §  366),  which  is  connected 
with  the  vagus  nucleus ;  while  the  other  root  arises  between  the  anterior  amt 
posterior  nerve  roots  from  the  spinal  cord,  usually  between  the  5th  and  6th  cervical 
vertebrcB.  In  the  interior  of  the  spinal  cord,  its  fibres  can  be  traced  to  an  elon- 
gated  nucleus  lying  on  the  outer  side  of  the  auterior  comu,  as  hx  downwards 
as  the  5th  cervical  vertebra.  Near  the  jugular  foramen,  both  portions  oome 
together,  but  do  not  exchange  fibres  (Holl);  both  roots  afterwards  separate  from. 
each  other  to  form  two  distinct  branches,  the  anterior  (inner),  which  arises  fron 
the  medulla  oblongata  passing  en  masse  into  the  plexus  gangliiformis  vagi.  This 
branch  supplies  the  vagus  with  most  of  its  motor  fibres  (compare  §  352^  3),  smt 
also  its  cardiif-inhibitory  ^hrea.  If  the  accessorius  be  pulled  out  by  the^rootiiL 
animals,  these  heart-fibres  undergo  degeneration.  If  the  trunk  of  the  vagus  be 
stimulated  in  the  neck  4-5  days  after  the  operation,  the  action  of  the  heart  is  no 
longer  arrested  thereby  [owing  to  the  degeneration  of  the  cardio-inhibitory  fibres] 
(Waller,  Schi£^  Daszkiewicz,  fieidenhain);  according  to  Heidenhain,  the  heart- 
beats are  accelerated  immediately  after  pulling  out  the  nerve. 

The  external  branch  arises  from  the  spinal  roots.  This  nerve  com- 
municates with  the  sensory  branches  of  the  posterior  root  of  the  first, 
more  rarely  of  the  second  cervical  nerve,  and  these  fibres  supply 
sensibility  to  the  muscles ;  it  then  turns  backwards  above  the  trans- 
verse process  of  the  atlas,  and  terminates  as  a  motor  nerve  in  the  stemo- 
mastoid  and  trapezius  (Galen,  Valentin,  Yolkmann).  The  latter  miuM^Ie 
usually  receives  motor  fibres  also  from  the  cervical  plexus  (Fig.  323). 

The  external  branch  communicates  with  several  cervical  nerves.  These  fibra 
either  i>articipate  in  the  innervation  of  the  above-named  muscles,  or  the 
accessorius  returns  part  of  the  sensory  fibres  supplied  by  the  posterior  roots  of  the 
two  upper  oervical  nerves. 

Fatholo^cal. — Stimulation  of  the  outer  branch  causes  tonic  or  clonic  spans 
of  the  above-named  muscles,  usually  on  one  side.  If  the  branch  to  the  stemo- 
maatoid  be  affected  alone,  the  head  is  moved  with  each  clonic  spasm.  If  the 
affidction  be  bilateral,  the  spasm  usually  takes  place  on  opposite  sides  alternately, 
while  it  is  rare  to  have  it  on  both  sides  simultaneously.  In  spasm  qf  the  trapexkm^ 
the  head  is  drawn  backwards  and  to  the  side. 

Tonic  contraction  of  the  flexors  of  the  head  causes  the  characteristio  position  of 
the  head  known  as  caput  obstipom  (spasticum)  or  wry-neck. 

In  paralysis  of  one  of  these  muscles,  the  head  is  drawn  towards  the  sound  side 
{torUeoUis  paraJytietts),    Paralysis  of  the  trape2:iu8  is  usually  only  partial. 
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Paralysis  of  the  whole  trunk  of  the  spiml  acoetaory,  (nsuAlly  eanaed  by 
central  oonditioDB),  besidea  caasmg  panJyiis  of  the  stemomastoid  and  trapeziiis, 
also  paralyies  the  motor  branches  of  the  vagus  already  referred  to  (Erb,  FrVnkel, 
Holz). 

354.  XII.  Nervus  Hypoglossus. 

Anatomical.— -It  arises  from  two  large-celled  naclei  within  the  loweat  part  of 
the  calamus  acriptorious,  and  one  adjoining  smeUl-celled  nnclena  (Roller),  while 
additional  fibres  come  from  the  brain  (§  378),  and  also  perhaps  from  the  olive.  It 
apringa  by  10-15  twigs  in  a  line  with  the  anterior  roots  of  the  spinal  nerves  (Fig. 
321,  IX).  In  ita  development,  part  of  the  hjrxwgloaaal  behavea  aa  a  spinal  nerve 
(Froriep). 

Function. — ^It  is  motor  to  all  the  muscles  of  the  tongue,  including  the 
geniohyoid  and  thyrohyoid. 

Connections. — The  trunk  of  the  hypoglossal  is  connected  with :  (1) 
The  superior  cervical  ganglion  of  the  sympathetic,  which  supplies  it  with  vaso- 
motor fibres  for  the  blood-vessels  of  the  tongue.  After  section  of  the  hypo- 
glossal and  lingual  nerves,  the  corresponding  half  of  the  tongue  becomes 
red  and  congested  (Schiff).  (2)  There  is  also  a  branch  from  the  plexus 
gangliiformis  vagi,  its  small  lingual  branch  to  the  commencement  of 
the  hjrpoglossal  arch.  These  fibres  supply  the  hypoglossal  with  sensory 
fibres  for  the  muscles  of  the  tongue,  for  even  after  section  of  the  lingual, 
the  tongue  still  possesses  dull  sensibility.  It  is  uncertain  whether  fibres 
with  a  similar  function  are  partly  derived  from  the  cervical  nerves  or 
from  the  anastomosis  which  takes  place  with  the  lingual.  (3)  It  is 
united  with  the  upper  cervical  nerves  by  means  of  the  loops  known  as 
the  ansa  hypoglossi.  These  connecting  fibres  run  in  the  descendens 
noni  to  the  sternohyoid,  omohyoid,  and  sternothyroid.  Cervical  fibres 
do  not,  as  a  rule,  enter  the  tongue ;  stimulation  of  the  root  of  the 
hypoglossal  acts  upon  the  above-named  muscles  only  very  rarely  and  to 
a  very  slight  extent  (Volkmann).     Compare  §  297,  3,  and  §  336,  III. 

Bilateral  section  of  the  nerve  causes  complete  motor  paralysis  of  the 
tongue.  Dogs  can  no  longer  lap,  they  bite  the  flaccid  tongue.  Frogs, 
which  seize  their  prey  with  the  tongue,  must  starve ;  when  the  tongue 
hangs  from  the  mouth,  it  must  prevent  the  closure  of  the  mouth,  so  that 
these  animals  must  die  from  asphyxia,  as  air  is  pumped  into  the  lungs 
only  when  the  mouth  is  closed. 

Pathological. — ParcUysia  of  the  hypoglossal  (gloasoplegid),  which  is  usasdly 
central  in  ita  origin,  causes  disturbaoce  of  speech  (p.  706).  For  the  deviation  of  the 
tongue  in  unilateral  paralysis,  see  p.  305.  Paralysis  of  the  tongue  also  interferes 
with  mastication,  the  formation  of  the  bolus  in  the  mouth,  and  deglutition  in  the 
mouth.  Owing  to  the  imperfect  movements  of  the  tongue,  Uute  is  imperfect,  and 
the  ainging  of  high  notes  and  the  falsetto  voice,  which  require  certain  positions  of 
the  toDgue,  appear  to  be  impossible  (Bennati). 

Spasm  of  the  tongue>  which  causes  aphthongia  (p.  705),  is  usually  reflex  in  ita 
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origin,  and  is  extremely  rare.  Idiopathic  cases  of  spasm  of  the  tongne  haye  been 
described;  the  seat  of  the  irritation  lay  either  in  the  cortex  cerebri  or  in  the 
oblongata  (Beiger,  K  Remak). 


355.  The  Spinal  Nerves. 

Awfttomiflnl  .—The  31  pairs  of  spinal  nerves  arise  by  means  of  a  poftorior 
lOOtf  (consisting  of  a  few  large  rounded  bundles),  from  the  sulcus  between  the 
posterior  and  lateral  columns  of  the  spinal  cord,  and  by  means  of  an  anterior 
rOOti  (consisting  of  numerous  fine  flat  strands),  from  the  furrow  between  the 
•anterior  and  lateral  columns.  The  posterior  roots,  with  the  exception  of  the  first 
cervical  nerve,  are  the  larger.  Occasionally  the  roots  on  opposite  sides  are 
not  symmetrical ;  one  or  other  root,  or  even  a  whole  nerve,  may  be  absent  from 
the  dorsal  region  (Adamkiewicz). 

On  the  posterior  root  is  the  spindle-shaped  spinal  ganglion  (§  321, 11,  3),  which 
is  occasionally  double  on  the  lumbar  and  sacral  nerves  (Davida).  Beyond  the 
ganglion,  the  two  roots  unite  to  form  within  the  spinal  canal  the  mixed  trunk  of 
^  spinal  nerve.  The  branches  of  the  nerve-trunk  invariably  contain  fibres 
•coming  from  both  roots.  The  number  of  fibres  in  the  nerve-trunk  is  exactly  the 
same  as  in  the  two  roots ;  hence,  we  must  conclude  that  the  nerve-cells  in  the 
spinal  ganglion  are  intercalated  in  the  course  of  the  fibres  (Gaule  and  Birge). 

[Structore  of  a  Spinal  Ganglion. — The  ganglion  is  invested  by  a  thin^ 
firmly  adherent^  sheath  of  connective-tissue,  which  sends  processes  into 
the  swelling,  and  is  continuous  with  the  sheaths  of  the  nerve  entering 
and  leaving  the  ganglion.  A  longitudinal  section  of  such  a  ganglion 
•exhibits  the  cells  arranged  in  groups,  with  strands  of  nerve-fibres 
coursing  longitudinally  between  them.  The  nerve-cells  are  usually 
globular  in  form,  with  a  distinct  capsule  lined  with  epithelium, 
and  the  cell-substance  itself  contains  a  well-defined  nucleus  with  a 
nuclear  envelope  and  a  nucleolus.  The  capsule  is  continuous  with  the 
sheath  of  Schwann  of  a  nerve-fibre.  The  exact  relation  between  the 
nerve-fibres,  and  the  nerve-cells  is  difficult  to  establish,  but  it  is 
probable  that  each  nerve-cell  is  connected  with  a  nerve-fibre.  In  the 
spinal  ganglia  of  the  vertebrates  above  fishes,  and  also  in  the  Gasserian 
ganglion  (Fig.  327)  cells  are  found  with  a  single  process  or  fibre 
attached  to  them,  the  nerve-fibre  process  not  unfrequently  coiling  a 
few  times  within  the  capsule.  This  process,  after  emerging  from  the 
capsule,  becomes  coated  with  myelin,  and  usually  soon  divides  at  a 
node  of  Kanvier  (Fig.  327,  /)•  Kanvier,  who  first  observed  this 
arrangement,  described  it  as  a  T-shaped  fibre.  These  nerve-cells  with 
T-shaped  fibres  have  been  observed  in  the  spinal  ganglia  of  all 
vertebrates  above  fishes,  in  the  Gasserian  (Fig.  277,  II),  and  geniculate 
ganglia,  as  well  as  in  the  jugular  and  cervical  ganglia  of  the  vagus. 
In  fishes,  the  nerve-cells  of  the  spinal  ganglia  are  bipolar  (Fig.  277,  4).] 

Bell's  Law. — Sir  Charles  Bell  discovered  (1811)  that  the  arUeriar 
roots  of  the  spinal  nerves  are  motor,  the  posterior  are  sensory. 


8>6 


RBCDBKEHT  SENSIBILITY. 


EMtneat  SansibUitT.— Magendie  discovered  (18S3)  the  remirkaUe 
fact,  that  senaory  fibres  are  aho  preseni  in  the  anterior  roots,  so  tb«t 
Hieir  stimulation  causes  pain.  This  is  due  to  the  fact,  that  sensorj 
fibres  pass  into  the  anterior  root  after  the  two  roots  hare  joined,  and 


Neire-c^  from  the'OMsnrian 

gangUon. 


Distribution  of  tbs  cataneoua  nerrea  CFf  tbv 
upper  eitremity— A,  dorsal  surface  of 
the  upper  extremity;  7  Jie,  Bupn-claTicn- 
l»r ;  2  oz,  Kiillwy ;  3  cpt,  Boperior 
poBt«nor  cutoneoui;  t  cmd,  mediui 
cntaneonB ;  5  rpi,  iuferior  poiterior 
cutajieouB  ;  6  em,  median  cutaneoui  ^ 
7  ef ,  ktenl  cutaneous :  8  u,  aluur ; 
Ora,  radial ;  10  me,  medi&n. 

]S,  volar  surface  of  the  upper  limb;  Ite^ 
SD pre- clavicular ;  S aj;,  uiullary  ;  Sctnd, 
iut«rnBl  cutaneaoa;  4cl,  lateral  cntane- 
ooi ;  S  cm,  cntaneoua  mediui ;  6  ««, 
median;  7u,  ulnar. 


these  fibres  run  in  the  anterior  root  in  a  centripetal  direction  (Schiff, 
CL  Bernard).     The  sensibility  of  the  anterior  root  is  abolished  at  once 
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hj  section  of  the  posterior  root.  This  condition  is  called  ^recurrent 
sensibility  "  of  the  anterior  root  When  the  sensibility  of  the  anterior 
root  is  abolished^  so  is  the  sensibility  of  the  surface  of  the  spinal  cord 
in  the  neighbourhood  of  the  root.  A  long  time  after  section  of 
the  anterior,  and  when  the  degeneration  phenomena  have  had  time  to 
develop  (§  325),  a  few  non-degenerated  sensory  fibres  are  always  to 
be  found  in  the  central  stump  (Schiff,  Vulpian).  Schiff  found  that 
in  cases  where  the  motor  fibres  had  undergone  degeneration,  there 
were  always  non-degenerated  fibres  to  be  found  in  the  anterior  root^ 
which  passed  into  the  membranes  of  the  spinal  cord.  The  sensory 
fibres  pass  into  the  motor  root  either  at  the  angle  of  union  of  the 
roots,  or  in  the  plexus,  or  in  the  region  of  the  peripheral  terminations* 
Sensory  fibres  enter  many  of  the  branches  of  the  motor  cranial  nerves 
at  their  periphery,  and  afterwards  run  in  a  centripetal  direction  (p.  807). 
Even  into  the  trunks  of  sensory  nerves,  sensory  branches  of  other 
sensory  nerves  may  enter.  This  explains  the  remarkable  observation, 
that  after  section  of  a  nerve  trunk  (e.g.,  the  median),  its  peripheral 
terminations  still  retain  their  sensibility  (Arloing  and  Tripier).  The 
tissue  of  the  motor  and  sensory  nerves,  like  most  other  tissues  of  the 
body,  is  provided  with  sensory  nerves  {Nervi  nervorum,  p.  716). 

Relative  Position  of  Motor  and  Sensory  Fibre8.~ln  embryos  (rabbit),  the 

motor  fibres  stain  more  deeply  with  carmine  than  the  sensory  fibres,  so  that  their 
position  in  the  peripheral  nerves  of  distribotion  may  thereby  be  made  out  In  the 
anterior  branch  of  a  spinal  nerve,  the  sensory  fibres  lie  in  the  outer  part  of  the 
branch,  the  motor  in  the  inner  part;  while  this  relation  ia  reversed  in  the  posterior 
Toot(Ii.  L&we). 

Deductions  firom  Bell's  Law. — Careful  observation  of  the  effects  of 
section  of  the  roots  of  the  spinal  nerves  (Magendie,  1822),  as  well  as 
the  discovery  of  the  reflex  relation  of  the  stimulation  of  the  sensory 
roots  to  the  anterior,  constituting  reflex  movements  (Marshall  Hall, 
Johannes  Muller,  1832),  enable  us  to  deduce  the  following  conclusions 
from  Bell's  law: — 1.  At  the  moment  of  section  of  the  anterior  root,, 
there  is  a  contraction  in  the  muscles  supplied  by  this  root.  2.  There  is 
at  the  same  time  a  sensation  of  pain  due  to  the  ''  recurrent  sensibility.'^ 

3.  After    the    section,    the    correspondiug     muscles    are   paralysed, 

4.  Stimulation  of  the  peripheral  trunk  of  the  anterior  root  (im- 
mediately  after  the  operation)  causes  contraction  of  the  muscles,  and 
eventually  pain,  owing  to  the  recurrent  sensibility.  5.  Stimulation 
of  the  central  end  is  vnthout  effect.  6.  The  peripheral  end  of  the 
motor  nerves  degenerate  within  a  short  time  ( §  325,  4).  7.  The 
central  end  degenerates  somewhat  later  (§  325,  3).  8.  The  sensibility 
of  the  paralysed  parts  is  retained  completely.  9.  At  the  moment  of 
section  of  the  posterior  root,  there  is  severe  jpam.     10.  At  the  same 
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time,  moyements  are  discharged  reflezlj.  11.  After  the  section, 
all  parts  supplied  by  the  divided  roots  are  devoid  of  sensibility. 
12.  Stimulation  of  the  peripheral  trunk  of  the  divided  nerve  is  with- 
out effect  13.  Stimulation  of  the  central  end  causes  pain  and  reflex 
movements.  H.  With  reference  to  the  degeneration  of  the  peripheral 
end  of  the  sensory  fibres — see  §  325,  4.  15.  The  central  end  ultimately 
degenerates.  16.  Movement  is  retained  completely  in  the  paralysed 
parts  (e,g,,  in  the  extremities). 

Unco-ordinated  Movements  of  Insensible  Limbs. — After  section  of  the 

posterior  roots  {e.g.,  of  the  nerves  for  the  posterior  extremities),  the  mosclea  retain 
their  movements,  neyertheless  there  are  characteristic  disturbances  of  their  motor 
power.  This  is  expressed  in  the  awkward  manner  in  which  the  animal  executes 
its  movements — it  has  lost  to  a  large  extent  its  harmony  and  elegance  of  motion. 
This  is  due  to  the  fact,  that,  owing  to  the  absence  of  the  sensibility  of  the 
muscles  and  skin,  the  animal  is  no  longer  conscious  of  the  resistance  which  is 
opposed  to  its  movements.  Hence,  the  degree  of  muscular  energy  necessary  for  any 
particular  effort  cannot  be  accurately  graduated.  Animals  which  have  lost  the 
sensibility  of  their  extremities,  often  allow  their  limbs  to  lie  in  abnormal  positions, 
such  as  a  healthy  animal  would  not  tolerate.  In  man  also,  when  the  peripheral 
ends  of  the  cutaneous  nerves  are  degenerated,  there  are  cUaxic  phenomena 
(§  364,  3). 

Harless  (1858),  Ludwig,  andCyon  (controverted  by  v.  Bezold,  Uspensky,  GrQn- 
hagen,  and  G.  Heidenhain)  observed  that  the  anterior  root  is  more  excitable  as 
long  as  the  posterior  roots  remain  intact  and  are  sensitive,  and  that  their  excita- 
bility is  diminished  as  soon  as  the  posterior  roots  are  divided.  In  order  to  explain 
this  phenomenon,  we  must  assume  that  in  the  intact  body,  a  series  of  gentie  im- 
pulses (impressions  of  touch,  temperature,  position  of  limbs,  ftc.)  are  continuously 
streaming  through  the  posterior  roots  to  the  spinal  cord,  where  they  are  trans- 
ferred to  the  motor  roots,  so  that  a  less  stimulus  is  required  to  excite  the  anterior 
roots,  than  when  these  reflex  impulses  of  the  posterior  root,  which  increase 
the  excitability,  are  absent  Clearly,  a  less  stimulus  will  be  required  to  excite  a 
nerve  already  in  a  gentie  state  of  excitement  than  in  the  case  of  a  fibre  which  is 
not  so  excited.  In  the  former  case,  the  discharging  stimulus  becomes  as  it  were 
superposed  on  the  excitement  already  present    (Compare  §  362.) 

The  smterior  roots  of  the  spinal  nerves  supply  efferent  fibres  to^ 

1.  All  the  voluntary  muscles  of  the  trunk  and  extremities. 

Every  muscle  always  receives  its  motor  fibres  from  aeveral  anterior  roots,  (not 
from  a  single  nerve-root).  Hence,  every  root  supplies  branches  to  a  particular  group 
of  muscles  (Preyer,  P.  Bert,  Gad).  The  experiments  of  Ferrier  and  Yeo  show  that 
stimulation  of  each  of  the  anterior  roots  in  apes  (brachial  and  lumbo-sacral  plexuses) 
oauscd  a  complex  co-ordinated  movement.  Section  of  one  root  did  not  cause  com- 
plete paralysis  of  the  muscles  concerned  in  these  co-ordinated  movements,  although 
the  force  of  the  movement  was  impaired.  These  experiments  confirm  the  results 
of  clinical  observation  on  man.  The  fibres  for  groups  of  muscles  of  different  func- 
tions {e.g,f  for  flexors,  extensors)  arise  from  special  limited  areas  of  the  spinal  cord. 
The  cervical  and  lumbar  enlargements  of  the  spinal  cord  are  great  centres  for 
highly  co-ordinated  muscular  movement. 

2.  The  anterior  roots  also  supply  motor  fibres  for  a  number  of  organs 
provided  with  smooth  muscular  fibres,  e.g.,  the  bladder  (§  280),  ureter, 
uterus. 
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3.  Motor  fibres  for  the  Bmooth  muscuUr  fibres  of  the  blood-vessels, 
the  viuo-motor,  vasthconstrktor,  or  vnao-hypertonic  nerree.  They  ran  in 
the  sympathetic  for  a  part  of  their  course.     (See  §  371.) 


WK 


J-T^ 


Distribution  of  the  cutaneous  nervei  of  the  leg  (after  Henle). 


A,  Anterior  Surface — I,  crural  nerve; 
2,  external  lateral  cntaueona ;  3, 
Uio-inguinal ;  4,  lumbo- inguinal  ;  5, 
external  apermatic;  6,  posterior  cuta- 
neons;  7,  obturator;  3,  great  saph  en - 
ons  ;  9,  communicating  peroneal ;  10, 
snperficial  peroneal;  11,  deepperone&l; 
12,  commuaicating  tdbial. 

4,  Inhibitory  fibres  for  the  blood-veasels.  These  are  but  imperfectly 
knowD.  They  are  also  called  vasodilator  or  vaso-hypotonic  nerves. 
(See  §  372.) 


B,  Posterior  Surface— 1,  posterior  cnts- 
neons :  2,  external  femoral  cutaneous ; 
3,  obturator  ;  4,  median  posterior 
femoral  cutaneous  ;  5,  conminiucAtiiig 
peroneal ;  6,  great  saphenous  ;  7,  com- 
municating tibial ;  8,  plantar  cutaneous ; 
9,  median  plantar  ;  10,  lateral  plantar. 
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5.  Secretoiy  fibres  for  the  sweat-glands  of  the  skin  (§  289).  For  a 
part  of  their  course  they  ran  in  the  sympathetic. 

6.  The  trophic  fibres  of  the  tissues  (§  342, 1.,  c). 

The  posterior  roots  contain  all  the  sensory  nerves  of  the  whole  of 
the  skin  and  the  internal  tissues,  except  the  front  part  of  the  head, 
face,  and  the  internal  part  of  the  head  (see  Cranial  nerves).  They 
also  contain  the  tactile  nerves  for  the  areas  of  the  skin  already  men- 
tioned. Stimuli  which  discharge  re/ex  movements  are  conducted  to  the 
spinal  cord  through  the  posterior  roots.  The  sensory  fibres  of  a  mixed 
nerve-trunk  supply  the  cutaneous  area,  which  is  moved  by  those 
muscles  (or  which  covers  those  muscles — Preyer)  to  which  the  same 
branch  supplies  the  motor  fibres  (Schroder  van  der  Kolk).  The  special 
distribution  of  the  motor  and  sensory  nerves  of  the  body  belongs  to 
anatomy. 

The  diatribntion  of  the  cutaneous  nerves  of  the  limbs  in  given  in  Figs.  328  and 
329,  while  Figs.  323,  324  show  those  of  the  head. 


356.  The  Sympathetic  Nerve. 

Anatomical. — The  sympathetic  nervous  system,  which  contains  a  very  large 
number  of  non-medullated  or  Remakes  nerve-fibres,  consists  of  a  double  gangliated 
pre-vertebral  cord,  one  lying  on  each  side  of  the  vertebral  column.  Each  spinal 
nerve  gives  off  a  ramus  communkans  into  the  sympathetic  cord  on  its  own  side  ; 
and  the  sympathetic  is  provided  with  a  ganglion  where  the  communicating  branch, 
joins  it.  The  four  upper  rami  communicantes  from  the  four  upper  cervical  nerves 
all  join  the  superior  cervical  ganglion  (Fig.  322,  O  g,  s),  the  fifth  and  sixth  join  the 
middle  cervical,  the  seventh  and  eighth  the  inferior  cervical  ganglion.  The  lowest 
pair  of  ganglia  are  generally  united  by  a  loop  on  the  front  of  the  first  coccygeal 
vertebra,  and  they  lie  in  relation  with  the  coccygeal  ganglion. 

The  rami  communicantes  (which  connect  the  sympathetic  cord  with  the 
spinal  nerves)  proceed /rom  the  spinal  cord,  partly  by  the  anterior,  and  partly  by 
the  posterior  spinal  roots  (§  355). 

Cephalic  Portion. — As  the  sympathetic  ascends  to  the  head,  it  forms  connec- 
tions with  many  of  the  cranial  nerves,  and  there  is  a  free  exchange  of  fibres 
between  these  nerves.  (The  function  and  significance  of  these  exchanges  are 
referred  to  under  the  physiology  of  the  cranial  nerves.) 

Dorsal  and  Abdominal  Portion.~Niiii^crous  fibres  pass  from  these  parts 
chiefly  to  the  tJioradc  and  abdominal  cavities,  where  they  form  large  gangliated 
plexuses,  from  which  functionally  different  fibres  proceed  to  the  different  organs. 

[Structure  of  a  Oanglion. — The  structure  of  the  sympathetic  nerve- fibres 
and  nerve-cells  has  already  been  described  in  §  321.  On  making  a  section  of  a 
sympathetic  ganglion —e.^.,  the  human  superior  cervical,  we  observe  groups  of 
cells  with  bundles  of  nerve-fibres—chiefly  non-medullated — ^running  between  them, 
and  the  whole  surrounded  by  a  laminated  capsule  of  connective-tlBSue,  which  sends 
septa  into  the  ganglion.  The  nerve-ctlla  have  many  processes,  and  are,  therefore, 
multipolar,  and  each  cell  is  surrounded  by  a  capsule  with  nuclei  on  its  inner 
surfisbce  (Fig.  277,  II).  The  processes  pierce  the  capsule,  and  one  of  them  cer- 
tainly— and  perhaps  all  the  processes — are  connected  with  a  nerve-fibre.  Not 
nnfreqnently  yellowish-brown  pigment  is  found  in  the  cell-substanoe.      Similar 


FUNOnONS  OF  THK  CERVICAL  STMPATHETIC.  831 

cells  have  been  found  in  the  ophthalmic^  sab-maxiUary,  otic,  and  apheno-palatine 
ganglia.] 

Functions. — ^The  following  is  merely  a  general  summary: — 

I.  Independent  Functions  of   the  sympathetic  are  those  of  certain 

nerve  plexuses  which  remain  after  all  the  nervous  connections  with  the 

cerebro-spinal  branches  have  been  divided. 
To  these  belong: — 

1.  The  automatic  ganglia  of  the  heart  (§  58). 

2.  The  mesenteric  plexus  of  the  intestine  (§  161). 

3.  The  plexuses  of  the  uterus,  Fallopian  tubes,  ureters,  also  of  the 
blood-  and  lymph-vessels. 

The  activities  of  these  plexuses  may  be  influenced — either  in  the 
direction  of  inhibition  or  stimulation — ^through  fibres  reaching  them 
from  the  cerebro-spinal  nerves. 

U.  Dependent  Functions. — ^Fibres  run  in  the  sympathetic,  which 
{like  the  peripheral  nerves),  are  active  only  when  their  connection  with 
the  central  nervous  system  is  maintained — e,g,y  the  sensory  fibres  of  the 
splanchnic.  Others  again  convey  impulses  from  the  central  nervous 
system  to  the  ganglia,  while  the  ganglia  in  turn  modify  the  impulses 
which  inhibit  or  excite  the  movements  of  the  corresponding  organs. 

The  following  Btatement  is  a  rewmi  of  the  functions  of  the  sympathetic, 
according  to  the  anatondcal  arrangement: — 

A.  Cervical  Part  of  the  Sympathetic. 

1.  Pupil-dilating  fibres  (compare  Ciliary  ganglion,  §  347,  L,  and  Iris, 
§  392).  According  to  Budge,  these  fibres  arise  from  the  spinal  cord 
and  run  through  the  upper  two  dorsal  and  lowest  two  cervical  nerves 
into  the  cervical  l^ympathetic,  which  conveys  them  to  the  head. 
Section  of  the  cervical  sympathetic  or  its  rami  communicantes  causes 
contraction  of  the  pupiL  (The  central  origin  of  these  fibres  is  referred 
to  in  §  362,  1,  and  §  367,  8). 

2.  Motor  fibres  for  Miiller's  smooth  muscle  of  the  orbit,  and  jparthj 
for  the  external  rectus  muscle  (§  348). 

3.  Vaso-motor  branches  for  the  outer  ear  and  the  side  of  the  face 
(CL  Bernard),  tympanum  (Prussak),  conjunctiva,  iris,  choroid,  retina 
(only  in  part — see  GUiary  ganglion,  §  347,  I.),  for  the  vessels  of  the 
cesophagus,  lamyx,  thyroid  gland — ^fibres  for  the  vessels  of  the  brain 
and  its  membranes  (Donders  and  Callenfels) ;  but,  according  to 
Nothnagel,  fibres  also  arise  from  the  cranial  nerves,  which  form 
connections  with  the  carotid  plexus. 

4.  Secretory,  (trophic),  and  vaso-motor  fibres  for  the  salivary  glands 
(§145). 
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5.  Sweat-secretory  fibres — see  §  288,  II. 

6.  According  to  Wolferz  and  Demtschenko,  the  lachrymal  glands 
receive  sympathetic  secretory  fibres  ()). 


B.  Thoracic  and  Abdominal  Parts  of  the 

Sympathetic. 

First  of  all  there  is :  1.  The  sympathetic  portion  of  the  cardiac  plexus 
(§  57,  2),  which  receives  accderaiing  fibres  for  the  heart  from  the  lower 
cervical  and  first  thoracic  ganglion  (CI.  Bernard,  v.  Bezold,  Cyon, 
Schmiedeberg).  The  fibres  arise  partly  from  the  sympathetic  and 
partly  from  the  plexus  around  the  vertebral  artery  (v.  Bezold,  Bever). 
Compare  §  370. 

2.  The  cervical  sympathetic  and  the  splanchnic  contain  fibres  which, 
when  their  central  ends  are  stimulated,  excite  the  cardio-inbibitoiy 
system  in  the  medulla  oblongata  (Bernstein). 

3.  The  cervical  sympathetic  contains  afferent  fibres  which,  when 

stimulated,  excite  the  vaso-motor  centre  in  the  medulla  oblongata 
(Aubert). 

4.  The  functions  of  the  splanchnic  are  referred  to  in  §  164,  §  175, 
§  276,  and  §  371. 

5.  The  functions  of  the  coBliac  and  mesenteric  plexuses  are  referred 
to  in  §  183  and  §  192.  After  extirpation  of  the  coeliac  ganglion, 
Lamansky  observed  temporary  disturbance  of  digestion,  undigested  food 
being  passed  per  anum. 

6.  For  the  secretory  fibres  for  sweating,  see  §  289,  II. 

7.  Lastly,  the  abdominal  portion  of  the  sympathetic  contains  motor 
and  vaso-motor  fibres  for  the  spleen,  the  large  intestine  (accompanying  its 
arteries),  bladder  (§  280),  ureters,  uterus  (running  in  the  hypogastric 
plexus),  vas  deferens,  and  vesiculse  seminalea  Stimulation  of  all  of 
these  nerve  channels  causes  increased  movement  of  the  organs,  but  it 
must  be  remembered,  that  the  diminished  supply  of  blood  thereby 
produced  also  acts  as  a  stimulus  (p.  318).  Section  of  these  nerves  is 
followed  by  dilatation  of  the  blood-vessels,  with  subsequent  derange- 
ment of  the  circulation,  and  ultimately  of  the  nutrition.  The  relation 
of  the  supra-renal  bodies  to  the  sympathetic  is  referred  to  in  §  103,  lY. 
The  renal  plexus  is  referred  to  in  §  276,  while  the  cavernous  plexus  is 
treated  of  in  §  436. 

Pathological. —Conslderiiig  the  numerous  connections  of  the  sympathetic,  we 
would  naturaUy  suppose  that  it  offers  an  extensive  area  for  pathological  changes. 
It  is  to  be  observed  that  aU  affections  involving  the  vaso-motor  system  are  re- 
ferred to  in  §  371. 
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The  cervical  sympatlietic  ^  °^06t  freqnently  paralysed  or  Btimulated  by 
traumatic  conditions,  wounds  by  bullets  or  knives,  tumours,  enlarged  l3rmph' 
glands,  aneurisms;  inflammation  of  the  apices  of  the  lungs  and  the  adjacent  pleursB,. 
while  exostoses  of  the  yertebne  may  stimulate  it  in  part  or  paralyse  it  in  part. 
The  phenomena  so  produced  have  been  partly  analysed  in  treating  of  the  ciliary 

ganglion  (§  347, 1).    Stimnlation  of  the  cervical  sympathetic  in  man,  causes 

dilatation  of  the  pupil  [mydriasis  spastica),  palor  of  the  face,  and  occasionally 
hyperidrosis  or  profuse  sweating  (§  289,  2,  and  §  288) ;  disturbance  of  vision  for 
near  objects,  as  the  pupil  cannot  be  contracted  (see  Accommodaiion),  and  hence 
the  spherical  aberration  of  the  lens  (§  391)  must  also  interfere  with  vision; 
protrusion  of  the  eyeball  with  widening  of  the  palpebral  fissure.  Paralysis  or 
section  of  the  cervical  sympathetic  causes  increased  fulness  of  the  blood- 
vessels of  the  side  of  the  head,  with  occasional  anidrosis.  Contraction  of  the  pupil 
(myosis  parcUytiea),  which  undergoes  changes  in  its  diameter  during  accommo- 
dation, but  not  as  the  effect  of  the  stimulation  of  light— atropin  dilates  it  slightly. 
The  slit  between  the  eyelids  is  narrowed,  the  eyeball  retracted  and  sunk  in  the 
orbit,  the  cornea  somewhat  flattened,  and  the  consistence  of  the  eyeball  diminished. 
Stimulation  of  the  sympathetic  is  followed  by  an  increased  secretion  of  saliva 
(§  145).  The  above  described  symptoms  have  been  occasionally  accompanied  by 
unUcUeral  atrophy  qf  the /ace. 

[Section  of  the  Cervical  Sympathetic. — This  experiment  is  easily 
done  on  a  rabbit,  preferably  an  albino  one.  Divide  the  nerve  in  the 
neck,  and  immediately  thereafter  (1)  the  ear  and  ad  joining  parts  on  that 
side  become  greatly  congested  with  blood,  blood-vessels  appear  that  were 
formerly  not  visible,  and  as  a  result  of  the  increased  quantity  of  blood  in 
the  ear  (hypersemia),  there  is  (2)  a  rise  of  the  temperature  amounting  to 
even  4°-6°C.  (CL  Bernard).  These  are  the  vaso-motor  changes.  (3) 
The  pupil  is  contracted,  the  cornea  flattened,  and  there  is  retraction  of 
the  eyeball  and  consequent  narrowing  of  the  palpebral  fissure.  These 
are  the  ocvIo-pupUlary  symptoms.  Stimulation  (electrical)  of  the  peri- 
pheral end  produces  the  opposite  results, — pallor  of  the  ears,  owing  to 
contraction  of  the  blood-vessels,  with  consequent  fall  of  the  temperature; 
dilatation  of  the  pupil,  bulging  of  the  cornea,  protrusion  of  the  eyeball 
(exophthalmos),  and  widening  of  the  palpebral  fissure.  At  the  same 
time,  the  blood-vessels  to  the  salivary  glands  are  contracted,  and 
there  is  a  secretion  of  thick  saliva.  The  last  results  are  the  trophic 
and  secretory  fibres.  The  vaso-motor  and  oculo-pupillary  fibres,  although 
they  lie  in  the  same  trunk  in  the  neck,  do  not  issue  from  the  cord  by 
the  same  nerve  roots,  the  latter  come  out  of  the  cord  with  the  anterior 
roots  of  the  first  and  second  dorsal  nerves  (dog),  while  section  of  the 
cord  between  the  second  and  fourth  dorsal  vertebrsB  produces  the 
vaso-motor  changes  only.  The  nasal  mucous  membrane  and  lachrymal 
ghmd  are  influenced  by  the  sympathetic] 

[Division  of  the  cervical  sympathetic  in  young  growing  animals  results  in 
hypertrophy  of  the  ear,  and  increased  growth  of  the  hair  on  that  side  (Bidder^ 
W.  Stirling).] 

Irritation  in  the  area  of  the  splanchnic,  as  occurs  occasionally  in  lead  poisonings 
is  characterised  by  violent  pain  (lead  colic),  inhibition  of  the  intestinal  movements 
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<henoe,  the  persUtent  oonstipatioii),  slowing  of  the  heart's  action,  brought  abont 
reflezly,  jast  as  in  Goltz's  '*  tapping"  experiment.  Irritation  in  the  area  of  the 
Bensory  nerves  of  the  sympathetic  may  give  rise  to  that  condition  which  is  called  by 
Romberg  neuralgia  hypogastrica,  a  painful  affection  of  the  lower  abdominal  and 
«aeral  regions,  hysteralgia,  neuralgia  testis,  which  are  localised  in  the  plexuses  of 
the  sympathetic  In  affections  of  the  abdomincU  sympcUheiiCy  there  may  be  severe 
constipation,  with  diminished  or  increased  secretion  of  the  intestinal  gluids  (§  186). 

357.  Comparative— Historical. 

Comparative*— Some  of  the  cranial  nerves  m&y  he  absent,  others,  again, 
may  be  abortive,  or  exist  as  branches  of  other  nerves.  The  facial  nerve,  which 
«upplies  the  muscles  of  expression  in  man,  and  is,  at  the  same  time,  the  nerve  for 
facial  respiratory  movements,  diminishes  more  and  more  in  the  lower  classes  of  the 
vertebrata,  pari  pastu,  with  the  diminution  of  the  facial  muscles.  In  birds  Ai>d 
reptiles*  it  supplies  the  muscles  of  the  hyoid  bone,  or  the  superficial  cervical 
muscles  of  the  nape  of  the  neck.  In  amphibians  (frog),  the  £Ebcial  no  longer  exists 
AS  a  separate  nerve,  the  nerve  which  corresponds  to  it  springing  from  the 
trigeminus.  In  fishes >  the  5th  and  7th  nerves  form  a  joint  complex  nerve. 
The  part  corresponding  to  the  facial  (also  called  ramus  opercularis  trigemini)  is  the 
'Chief  motor  nerve  of  the  muscles  of  the  gill-cover,  and  is,  therefore,  the  respiratory 
nerve.  In  the  cyclostomata  (lamprey),  there  is  an  independent  £ftcial.  The  vagiu 
is  present  in  all  vertebrata;  in  iishes  it  gives  off  a  large  nerve,  the  lateral  nerve 
of  the  body  (N.  lateralis),  which  runs  along  each  side  of  the  body  close  to  the 
lateral  canal.  It  is  also  present  in  the  tadpole.  Its  rudimentary  representative  ia 
man  is  the  auricular  branch.  In  the  frog,  the  9th,  10th,  and  11th  arise  together 
from  one  trunk,  and  the  7th  and  8th  from  another.  In  fishes  and  amphibia,  the 
hypoglossal  is  the  first  cervical  nerve.  In  amphioxus,  the  cerebral  and  spinal 
nerves  are  not  distinct  from  each  other.  The  spinal  nerves  ue  remarkably 
similar  in  all  class  of  the  vertebrata.  The  sympathetio  is  absent  in  the  cydo- 
«tomata,  where  it  is  represented  by  the  vagus.  Its  course  is  along  the  vertebral 
column,  where  it  receives  the  rami  conmiunicantes  of  the  spinal  nerves.  In  the 
region  of  the  head,  its  connections  with  the  5th  and  10th  nerves  are  specially 
developed.  In  frogs,  and  still  more  so  in  birds,  the  number  of  eonnections  with 
the  cranial  nerves  increases. 

Historical. — The  vagus  and  sympathetic  were  known  to  the  Hippocratic  School. 
According  to  Erasistratus,  all  the  nerves  proceed  from  the  brain  and  spinal  cord ; 
Herophilus  was  the  first  to  distinguish  the  nerves  from  the  tendons,  which  Aristotle 
confounded  with  each  other.  Marianus  (80  a.d.)  recognised  seven  pairs  of  cranial 
nerves.  Galen  was  in  possession  of  a  wide  range  of  important  facts  in  the 
physiology  of  the  nervous  system  (§  140) ;  he  observed  that  loss  of  voice  followed 
ligature  of  the  recurrent  nerves;  and  he  was  acquainted  with  the  accessorius, 
and  the  ganglia  on  the  abdominal  nerves.  The  cauda  equina  is  referred  to  in  the 
Talmud;  Goiter  (1573)  described  exactly  the  anterior  and  posterior  spinal  nerve 
roots.  Van  Helmont  (t  1644)  states  that  the  peripheral  motor  nerves  also  give 
rise  to  impressions  of  pain,  and  Cesalpinus  (1571)  remarks  that  interruption  of  the 
blood-stream  makes  the  parts  insensible.  Thomas  Willis  described  the  chief 
ganglia  (1664).  In  Des  Cartes  there  is  the  first  indication  of  reflex  movements; 
Stephen  Hales  and  Robert  Whytt  showed  that  the  spinal  cord  was  necessary 
for  such  acts.  Prochaska  described  the  reflex  channels,  [while  Marshall  Hall 
established  the  doctrine  of  reflex,  or,  as  he  called  them,  "diastaltic"  actions]. 
Buvemey  (1761)  discovered  the  ciliary  ganglion.  Gall  traced  more  carefully  the 
course  of  the  3rd  and  6th  nerves,  and  also  the  spinal  nerves  into  the  grey  matter. 
Hitherto  only  nine  nerves  of  the  brain  had  been  enumerated ;  Sommerring  sepaiated 
the  fEtcial  from  the  auditory  nerve,  Andersch  the  9th,  10th  and  11th  nerves. 


Physiology  of  tlie  Ifenre  Centres. 


358.  QeneraL 

Chmeral  FuLCtionfl. — ^The  central  organs  of  the  nerveiaB  syBten  azv 
in  general  characterised  by  the  following  properties : — 

1.  They  contain  nerye-cells,  which  are  either  arranged  in  groups  in 
the  interior  of  the  central  organs  of  the  nervous  system,  or  embedded 
in  the  peripheral  brauches  of  the  nerves. 

2.  The  nerve  centres  are  capable  of  discharging  reflexes;  eg,,  reflex- 
motor,  reflex-secretory,  and  reflex-inhibitory  acts. 

3.  The  centres  may  be  the  seat  of  automatic  excitement,  t.e.,  they 
may  manifest  phenomena,  without  the  application  of  any  apparent 
external  stimulus.  The  energy  so  liberated  may  be  transferred  to 
act  upon  other  organs.  This  automatic  state  of  excitement  or  stimula- 
tion may  be  contiimous^  «.€.,  may  be  continued  without  interruption,  when 
it  is  called  tonic  automatic  or  tonus ;  or  it  may  be  intermittent,  and 
occur  with  a  certain  rhythm  (rhythmical  automatic). 

4.  The  central  organs  are  trophic  centres  for  the  nerves  proceeding 
from  them;  they  may  also  perform  similar  functions  for  the  tissues 
innervated  by  them. 

5.  The  psychical  activities  are  dependent  upon  an  intact  condition 
of  the  ganglionic  central  organs. 

Afl  a  smgle  momentary  stimulus  {e.g.,  an  opening  induction  shock,  or  a  puncture 
of  a  transverse  section  of  the  spinal  cord),  may  produce  a  longer  tetanua,  whilst 
the  same  stimulus,  if  applied  to  the  motor  nerves,  causes  only  a  single  eorUractUm, 
it  seems  as  if  the  central  nervous  system  possessed  the  property  of  transforming  an 
instantaneous  stimulus  into  a  long-continued  state  of  stimulation  (B.  Marchand). 
The  organs  causing  the  continued  movement,  are  the  ganglionic  oells  of  the 
anterior  horn  of  the  spinal  cord  (Birke). 

These  Tsriaus  functions  are  distributed  over  different  centres,  and 
no  centre  seems  to  perform  more  than  one  function. 


The    Spinal    Cord. 


359.  Structure  of  the  Spinal  Cord. 

StlUCiurO- — The  spinal  cord  consists  of  white  matter  extema%«  and  gpsj 
fn^irttftr  fntirnftPy,    The  gr^  naUer  has  the  form  of  two  eseBomtB  )h(  pluiwA 
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back  to  iMok,  [«  «  rapitol  HI.  in  wUoh  we  can  dutbgniih  u  tmttrior  {a)  and  k 
pottehor  hom  {p),  and  a  middlB  part,  or  iptf  eammkntrt  oonneoting  <^  two 
cnacenta.  la  the  oentre  of  thii  grey  oommiaaore  i«  a  oanal— ccnirai  tamal — 
which  rant  from  the  calamiu  icriptoriiu  downwards;  it  ia  lined  tfatooghont  by  a 
•Ingle  layer  of  dilated  oylindrioal  epithdinm  |ln  th«  fietna,  the  cilia  being  abaant 
in  the  adult],  and  the  canal  itaelfiatherepreaentattTe  of  theembtTonal  "medallary 
tube."  [The  part  of  the  giey  OMnmiaanre  in  front  of  this  canal  ia  called  the 
(Mln-ior,  and  die  part  behind,  tbe  podtrior  grey  comniiagure.] 

[In  front  of  the  grey  conuninnTe,  and  between  it  and  the  base  of  the  anterior 
median  fiasnre,  are  bnodles  of  white  nerve-Sbrea  paadng  in  a  horiaoatal  or  oblique 
direction  from  tbe  anterior  oolnmn  of  one  mda,  to  tbe  grey  matter  of  tbe  anterior 
coma  of  the  oppoaite  aide  (Fig.  3S0).     These  decnaaating  flbrea  oonatitate  the 


Fig.  330. 

THnsrerse  section  of  the  spinal  cord ;  in  the  centre  ia  the  bntterfly  form  of  tbe 
grey  matter  anrrounded  by  the  white  matter — p,  posterior,  and  a,  anterior 
boma  of  the  grey  matter;  PR,  tbe  poaterior  roota;  AB,  the  anterior  root* 
of  the  apinal  nerrea ;  A,  A,  the  white  anterior  colnmna ;  L,  L,  the  lateral 
columns  i  P,  P,  tbe  posterior  oolnmna. 

'  The  white  mfttter  surronnda  the  grey,  and  is  arranged  in  several  colttMiM. 
Along  the  anterior  surface  of  the  cord,  there  nma  a  well-marked  fiaanre,  which 
dips  into  the  cord  itself,  hut  does  not  reach  tbe  grey  matter,  as  a  maaa  of  white 
matter— the  white  cOTnntiwurc— runs  from  one  side  of  the  oord  to  tbe  other. 
Between  this  fissnre,  known  as  the  otUo-ior  nxdion  finure,  and  the  line  of  exit  of 
the  anterior  root*  of  the  spinal  nerrea,  liea  tbe  anterior  column  (A);  tbe  white  matter 
lyiog.laterally  between  the  origin  of  tbe  anterior  and  posterior  roota  of  the  spinal 
nerves  is  the  lateral  column  (L),  while  the  white  matter  lying  betweee  the  line  of 
origin  of  the  posterior  roots  and  tbe  so-called  poilerior  mediaK  fiMture  ia  the 
potterior  column  (F).  [The  poaterior  median  fiaaore  is  not  a  real  fissure,  bnt  ia  filled 
up  with  a  layer  of  the  pia  mater,  which  dips  down  from  the  under  surface  of  tbia 
niembraiie  quite  to  the  grey  matter  of  the  posterior  commiasure].  Each  poaterior 
column,  in  certun  regions  of  the  cord,  may  be  anbdirided  into  an  inner  part  lying 
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!  CkiC*  edlumn,  or  the  hm 
XChurcot — F1^  33S,  e) ;  uid  ui  oator  larger  port  next  the  potterior  loot^  known 
as  the  poilero-exlermU  or  BurdacK'a  eobunn,  of  the  ouler  ro0t-iM£  (Ch«rtM>t— 
Fig.  336,  d). 

The  white  matter  ooniiatB  ahiefiy  of  medoUated  flbrea  withont  tha  aheath  of 
^ohwum  Mid  Banvier'i  node*,  but  provided  with  die  nenro-kentin  *hMth«  of 
EUhu«  Knd  Ewsld  (p,  714),  the  Abr«a  themselTet  being  chiefly  urBJigad  iongitu£»- 
^Uy.  The  neire-fibreB  of  the  nerre-rootB,  u  well  ai  Uiose  that  pass  from  iba  gn? 
matter  into  the  colnnuu,  have  a  tranmrw  or  obliqve  oonne.  Then  are  also 
decnuaatiiig  fibre*  in  the  anterior  or  white  oommiuure.  [In  a  transvene  Kction 
of  the  white  matter  of  the  tpinal  oord,  the  nerve-fibre*  are  of  difierent  aizea,  and 
^^eir  like  nnall  circlea  with  a  ronnded  dot  in  their  oentoe— the  axis  cylinder — 
■the  latter  mar  be  stained  wiHt  eannine  or  other  dye.  The  white  sabatanoe  of 
Schwann,  especially  in  preparations  hardened  in  salts  <^  ohromivm,  often  presents 
the  appearance  of  concentric  lines.  Fine  aepta  of  oonneotive-tiBsae  oarrying 
blood-vessels  lie  between  groops  of  the  nerve<fibl««,  while  hen  and  Uiere  between 
the  nerve-fibres  may  be  seen  branched  neorogleia  corpuscles.  Immediately  nnder- 
meath  the  pia  matter,  there  U  a  pretty  thick  layer  of  nenrogleia,  which  invests  the 
prolongatians  of  the  pia  into  the  oord.] 

V^«  grey  matter  diffora  in  shape  in  the  different  regions  of  the  oord,  and  so 
does  the  grey  oonunissore  (Fig.  S32).  The  latter  is  thicker  and  shorter  in  the 
cervical  than  in  the  dorsal  region,  while  it  is  very  narrow  in  the  lumbar  rc^on. 
The  Btnontit  <^  grey  matter  nndergoes  a  great  increase  opponte  the  origins  of  the 
large  nerves,  the  increase  being  most  marked  opposite  the  cervical  and  Inmbar 
enlargements.  Lndwig  and  WoroschiloS  oonstmcted  a  series  of  carves  from 
measurements  by  StilUng  of  the  seational  areas  of  the  grey  and  white  matter  of 
the  cord,  as  well  as  of  the  several  nerve-roots.  These  curvea  have  been  arranged 
in  the  following  canvenient  form  by  Schttfer  (Fig.  3 


Fig.  331. 
Diagram  of  the  absolnte  and  relative  extent  of  the  grey  matter,  and  of  the  white 
cdnmna  in  successive  sectional  sreas  of  the  spinal  cord,  as  well  as  the  sec- 
tional  areas  of  the  several  entering  nerve-roots;  NK,  nerve-rooti;  AC,  IC, 
PC,  anterior,  lateral,  and  posterior  columns ;  Or,  grey  matter  (Schttfer,  after 
Lndwig  and  Woroschiloff). 
"Bte  anterior  eorttu  of  the  gray  matter  is  sharter  and  broader,  and  does  not 
Teach  so  near  to  the  sar&ce  as  the  posterior ;  moreover,  each  anterior  nerve-root 
arises  from  it  by  several  bandies— it  contains  several  groups  of  Urge  multipolar 
ganglionic  cells ;  the  posterior  caraa  is  more  pointed,  longer,  and  narrower,  and 
reaches  nearer  to  the  snr&ce,  the  posterior  root  arising  by  a  single  bundle  at  the 
JKMtero-lateral  fissure;  while  the  coma  itself  contains  a  few  fosiform  nerve-cells, 
.and  is  covered  by  the  tubatantia   gthttnota  of  Bolando,   which  is   merely  an 
Aeoomolaiion  of  nenrogleia. 
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■  {Tha  onia'  uaisiii  of  tiw  grey  mittar  nwr  Ha  middie  ii  not  bo  ahuplj  flnfiatii 
ftooi  the  white  m»tter  u  elmrbai« ;  knd,  in  f&ct,  a  kind  of  UMutomoai*  of  tte 
£i«y  sutler  projecti  into  Um  lateral  colnnu^  eipeoinllj  in  the  oervical  r^gioB, 
u  rtlieularit.] 

[In  the  anterior  ooom,  t^  gangliviiii; 
«ell(  u«  arraugad  iu  tevantl  gi^uft 
althongh  ths  distzibnticni  of  Uwae 
gronpi  i*  not  the  hbw  in  all  parta  of 
tlie  cord.  Thera  it  an  anterior  grtmp, 
a  laitrai  gronp  »*ar  the  lateral  calnaM, 
and  a  mtiiai  one.  iBunedialelj  behind 
the  xrey  oomouaauK,  and  on  Qtt  maer 
mrface  of  the  poiterior  coma  ii  a  fF^cp 
of  large  mnltipolar  nerve-oella,  h—iau 
ai  the  poiieruyr  vaieitiar  eoimnn  «f 
Lockhart  CUrke,  or  Ciarle'i  cdIkiot. 
It  ii  almost  confined  to  the  lowvr  part 
of  the  doraal  region.  Inthedonalregioa 
there  ia  a  gronp  of  cella  in  the  outer 
part  of  the  grvy  matter,  nearly  midway 
between  the  anterior  and  pocterior 
oomua,  known  u  ~  ~ 
lateral  tract.  Ti 
tbeae  nerve.aeUa  is  columna  ia  wry 
mni^  better  aeca  in  a  liia^ililiiial 
■ectioD  of  the  apinal  cotd.] 

^°  ^^J  Uftttor  oontaina  hi  ex- 

oeedingly  delicate  Sbrona  nat-woik  <^ 

the  lincBt  nerre.fihrila  (Gerlvii),  which 

ia  prodooed  hg  tin  ideated  diniion 

•f  the  piiilinilaaiiiii    imoaaHB  «f  the 

snltipoUrgBngHaaicaeBa.  Meiallated 

nerve-fibrea  trarene  ^id  diride  m  the 

gny  matter  and  beoome   nca-wednl- 

lated ;    aome    ot    1htm    manly   paia 

tlirovg^  the  grey  mattn-  of  ti>B  oon- 

mednllated   fibrw    and   termiiBte    in 

;  D,  tiie  nppsr  part  of  the     Oerlach'a  net-work.     Fibraa  paaa  from 

;   S,  at  Ae  level  of     tiie  grey  mattv  of  one  aide  to  that  of 

the  Hi  ascral  ivihelua;  F,  atthelerd     the  other  throngklflie  o 


Tegion;  C,  tJie  lumbar 


of  the  coccyx ;  A,  B,  C,  enlarged  twice; 
D,  E,  F,  thrice;   a,  anterior;  p,  pos- 


front  of  and  behind  the  central  canaL 

■■  multipolar  ganglion  cells 
(Fig.  333)  are  largest,  and  arranged  in 
groups  in  the  anterior  homi  of  the 
gi^  natter  (Hg.  S8A — "motor  gnngUomc  cell*");  while  amaller  apindle-ahaped 
("aaauary")  eella  ooonr  in  much  amaller  nnmbera  in  the  grey  matter  of  the  pos- 
terior bom. 

QerlaCh'B  Iheorj.— According  to  Gerlach,  the  connectioa  of  the  fihrea  and 
aalla  ia  ••  follow*: — The  fibrea  of  the  anterior  rootprooeeddirectly  to  thegangUonio 
oella  of  the  anterior  horn,  with  which  they  form  direct  commniuoationa  by  miana 
af  the  axial  cylinder  proceases.  The  grey  network  of  protopUamic  prMwaasa 
pndnced  by  the  re|)ea'ted  branchinga  of  the  fibres  of  theae  cella  gives  origin  *» 
broad  fibrea.  A  part  of  the  Utter  (the  Toedian  bundle)  pasaes  throngh  theanteajc 
white  oammiMon  ts  tiie  other  side,  and  then  asoenda  in  the  anterior  ooltMia  ef 
the  oj^ioaite  mde.     Other  fibrea  (the  hieral  bnndle)  paas  into  the  lateral  ocdo^  at 
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Uw  Bame  lide,  and  uoeDd  in  it  u  fu  u  the  daoaaMataoa  of  tke  pymnidi,  wImm 

tbay  erou  in  the  medulla  to  Ui«  other  ride.      Tbe  tibTea  of  the  poelerior  ratt 
«ater  the  posterior  born,   tad,   after  dividing,  terminate  in  the  narrona  proto- 

plosmic  net'Work  of  the  grey  m&tter.     By  m«*U8  of  this  net-work  they  are  oon* 

oected  indirectly  with  the  ganglionic  ceUa  of  the  pooterior  hoTn,  which  ore  nid 

not  to  have  ui  uial  cylinder  procew. 

Tbe  grey  net-work  which  connects  the  ganglia  of  the  anterioT  and  poaterior  kooH 

with  each  other,  alao  senda  fibres,  which  pass  to  the  other  side  of  the  cord  io  frant 

cf  and  behind  the  central  canaL     They  then  take  a  backward  coune,  to  uoend 

partly  in  the  posterior  horns  oad  portly  in  the  lateral  columne. 
ITenrogleia-  —The  omntctiBe-tistue  of  the 

tpinal  cord  ariaea  in   part  from  the   pia 

mater  and    posaea    only   into   the   white 

matter,  canying  with  it  blood-veasels,  and 

fiirming  aepta,  which  aeparate  the  nerre- 

fibre*  into  bnndlea.    We  moat  diatingnish 

from   the    ordinary  coimective-tiasae   that 

special  form  in  the  grey  matter  to  which 

Virchow  gave  the  name  of  veurogteia,  which 

ia  the   proper  eoatentacular  tiaiue.     It  is 

composed  of  a  fine  net-work,   which  COD- 

■ista   of   round    and   large-branched    cella 

embedded   ia   a  completely   homogeneous, 

transparent,  gronnd  snbstoiice.    The  central 

canal  is  surrounded  with  a  denser  layer 

of   this   tissue,    known    m    the   "  ceidTal 

ependyjna."     The  nenrogleia  is  also  abun- 
dant OD  the  rides  and  apex  of  the  posterior 

koma,   where  it  is  called    the    gelaiinoua 

tubtlaace  of  Rolando.     Similar  neurogleia 

also  occurs  in  the  brain.     Ou  the  surface 

of  tbe  central  nervous  system,  and  il 

gelatinous  substance,  is,  in  addition,  a  fine 
net-work  of  neurokeratin  (p.  714). 

[Blood-Vessels.— The  anterior  vtedSim  artery  gives  off  branches,  which  dip 
into  the  fissore  of  the  same  name,  pass  to  its  base,  and,  after  perforating  th* 
oaterior  commissure,  divide  into  two  branches,  one  for  each  mass  of  grey  matter, 
and  each  branch  in  tnrn  splits  into  three,  which  supply  part  of  the  anterior, 
median,  and  poaterior  grey  matter.  The  jiosferior  roof  artery  enters  the  grej 
matter  along  the  course  of  the  posterior  nerve  roots.  Some  branches  also  paM 
from  the  pia  mater  into  the  snbstance  of  the  cord,  and  are  known  as  the  antero- 
and  median-lateral  branches,  while  others  dip  in  near  Goll's  oolnmn,  and  another 
in  the  posterO'external  column.  The  large  Knttal  artery  supfdieB  the  gr^ 
matter.  The  general  result  is  that  the  grey  matter  is  mnch  more  vaicnlar  than 
the  white,  as  is  shown  in  Fig.  334.  Adamkiewicz  has  given  a  most  minnte 
description  cf  the  blood-veasels  of  the  spinal  cord.  Some  small  vesselB  cone  from 
the  pia  and  send  branches  to  the  white  matter,  and  nnbronched  arteries  to  tht 
grey  matter,  where  they  EDrm  a  capillary  plexus.  The  bload-vessels  are  my 
rounded  by  periwwcuior  lymph-iptKtt  (His),] 

[With  regard  to  the  blood-vessels  supplying  the  cord  as  a  whole,  Mozon  has 
pointed  out  that,  owing  to  the  cord  not  being  m  long  as  Uw  vertebral  eanal,  Uw 
lower  nerves  have  to  run  down  within  the  vertebral  canal  before  tbsjr  •sMrga 
from  their  appropriate  inter- vertebral  foramina.  As  re-enforcing  arteries  ants' 
the  cord  along  the  course  of  these  nerves,  necessarily  the  branches  entering  alcoc 
lbs  ooarse  of  the  Ininbar  and  lower  dorsal  nerves  are  long,  and  this,  kitiJhw  wilb 


Fig.  333. 

Mnltipolar  nerve-cell,  from  the  an- 

terior  horn  of  the  spinal  oord. 
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their  w— ^11  dte,  oflbn  eoadderthle  red«t«nco  to  the  blood-itreun.    Hflnos,  pw- 
lupa,   why  th«  lower  ptrt  of  the  oord  ii  Teij  apt  to  be  •fiected  by  rwiov* 

Conducting  Syrtems.— The  whole  of  the  longitudinal  fibres  of  the 
spinal  cord  may  be  arranged  syatematically  in  special  bundles,  accord- 
ing to  their  function. 

a       h 


Fig  334 
Injected  blood  veueh 
tpinRlcord. 


Fig.  335. 
Scheme  of  the  conducting  p»th*  in  tiie- 
■piual  cord  at  the  third  dorwl  jierre, 
Th«  bUck  part  ia  the  grey  m»tter— 
V,  Ulterior  root ;  h,  to,  posterior  root; 
a  and  g,  pyr»inid»l  paths;  I,  anterior 
colnmn  gronud  bundle;  t.  Coil's 
colniDD ;  A  Burdach's  column ;  «  and 
/,  miJted  Uteral  paths!  *.  ^J»ct 
cerebellar  paths, 

Tilrck  foond  that,  in  diteaaeof  certun  parts  of  the  brain,  there  was  always 
■Goondai;  degeneration  of  certain  distinct  tracta  of  fibres  in  the  cord.  P.  Scbiefer- 
deoker  ahowed  also  after  section  of  the  cord,  that  above  and  below  the  level 
of  the  section,  certain  definitA  tmots  of  white  matter  underwent  degeneration. 
Lastly,  Flechrig  showed  that  the  fibres  of  the  cord  during  development  became 
covered  with  mye^  at  difierent  periods,  thoae  fibres  becoming  medullated  latest 
which  had  the  longest  course.    In  this  way  he  mapped  out  the  following  syitems:— 

Flechidg's  SystemB  of  FibreB. — 1.  In  the  anterior  column  lie  (a> 
the  direct  or  uncrossed  pyramidal  tract;  and  external  to  it  is  (6)  the 
anterior  ground  hmdie,  or  anterior  radicular  zone. 

2.  In  the  posterior  colnnm  he  distingaishes  (c)  Goll's  column,  or 
the  postero-median  colunmj  and  (rf)  Bordach's  funiculus  cuneatns,  or 
the  posterior  radicular  zone,  or  the  poBtero-eitemal  column. 

3.  In  the  lateral  colann  are  (e)  the  anterior,  and  (f)  the  lateral  mixed 
patha,  (?)  the  crossed  pyramidal  paths  of  the  lateral  columns,  and  (A) 
the  direct  cerebellar  paths.  .4  and  y  carry  all  the  impulses  from  the  central 
convolutions  of  the  cerebrum,  by  means  of  which  vdhintary  movements 
fn  executed  (§365).     The  fibres  in  these  tracts  descend  &om  th« 
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central  convolutions,  traverse  the  crosta  of  the  peduncolus  cerebri,  and* 
after  partly  crossing  at  the  pyramids^  pass  into  the  spinal  cord  in  the 
paths  (a  and  g)  to  enter  the  grey  matter  of  the  spinal  cord  before  they 
join  the  anterior  roots  of  the  spinal  nerves ;  h  connects  the  cereheUum 
directly  by  ascending  fibres,  which  proceed  through  the  restiform  body 
from  Clarke's  column  of  nerve-cells  in  the  grey  matter.  As  fibres 
from  the  posterior  roots  also  enter  the  latter,  it  follows  that  h  connects 
the  posterior  nerve-roots  of  the  trunk  (but  not  of  the  extremities)  with 
the  cerebellum;  h,  e,  f  (and  ?  a  small  part  of  d)  represent  the  channels 
which  connect  the  grey  matter  of  the  spinal  cord  and  that  of  the 
medulla  oblongata,  they  represent  the  channels  for  reflex  efiects,  and 
they  also  contain  those  fibres  which  are  the  direct  continuation  of  the 
anterior  spinal  nerve-roots,  which  enter  the  cord  at  dififerent  levels  and 
penetrate  into  the  grey  matter.  In  e  and  /there  are  some  sensory  paths. 
Lastly,  c  unites  the  posterior  roots  with  the  grey  nuclei  of  the  funiculi 
graciles  of  the  medulla  oblongata ;  d  connects  some  of  the  posterior 
nerve-roots  through  the  restiform  body  with  the  vermiform  process  of 
the  cerebellum  (Flechsig).  The  direction  of  conduction  in  the  posterior 
columns,  which  are  continuations  of  some  of  the  fibres  of  the  posterior 
roots,  is  upwards,  as  part  of  them  degenerates  upwards  after  section  of 
the  posterior  root.  Of  the  fibres  of  each  posterior  root,  some  pass 
directly  into  the  posterior  horn,  another  part  ascends  in  the  posterior 
colunm  of  the  same  side,  and  gradually  as  it  ascends,  it  comes  nearer 
the  posterior  median  fissure.  Some  of  these  fibres  enter  the  grey 
matter  of  the  posterior  horn  at  a  higher  level  The  fibres  of  the 
posterior  columns  run  upwards  only  as  fsur  as  the  decussation  of  the 
pyramids,  where  they  seem  to  end,  or  at  least  form  connections  with 
the  nerve-cells  of  the  funiculi  graciles  [clava],  and  cuneati  [triangular 
nucleus]. 

Further,  the  transverse  sectional  area  of  the  direct  and  crossed  pyramidal  tracts 
(a  and  g),  the  lateral  cerebellar  tract  (A),  and  Goll's  column  (c)  gradually  Oimin'^h 
from  above  downwards ;  they  serve  to  connect  intracranial  central  parts  with  the 
ganglionic  centres  distributed  along  the  spinal  cord.  The  anterior  root  bundle  (5), 
the  funiculus  cuneatus  (d),  and  the  anterior  mixed  lateral  tracts  («)  vary  in 
diameter  at  different  parts  of  the  cord,  corresponding  to  the  number  of  nerve-roots. 
It  has  been  concluded  from  this,  that  these  tracts  serve  to  connect  the  grey  matter 
at  different  levels  in  the  cord  with  each  other,  and  ultimately  with  the  meduUa 
oblongata,  so  that  they  do  not  pass  directly  to  the  higher  parts  of  the  brain 
(Kg.  331). 

Nutritive  Centres  of  the  Conducting  Paths.— Tiirck  observed  that 
the  destruction  of  certain  parts  of  the  brain  caused  a  secondary  degenerch 
turn  of  certain  parts  of  the  cord,  corresponding  to  the  parts  called 
pyramidal  tracts  by  Flechsig  (Fig.  336).  P.  Schieferdecker  found  the 
same  efiects  below  where  he  divided  the  spinal  cord  in  a  dog.  Hence  it 
is  concluded,  that  the  nutriiive  or  trophic  centre  of  the  pyramidal  tracts 
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Km.  in  tha  cenbmiiL  The  trophic  centre  for  the  fil;ire8  ef  the  anterior 
loot  lies  ia  the  moltipokr  nerve-cells  of  the  anterior  coma  of  the  gief 
XBtttter  of  the  cord.  After  section  of  the  spinal  cord,  Goll's  colnmn  and 
the  direct  cerebellar  tracts  degenerate  upwards.  The  nutritive  centre  of 
tlie  latter  is  very  probably  in  the  nerve-cells  of  Clarke's  colnmn,  and 
that  of  ike  former  perhaps  in  the  spinal  ganglion  of  the  posterior  rook 


Fig.  336. 

XmosYBiaB^aeciioii  of  the  spinal  cord,  showing  the  secondary  degenetatioii  tracts 
— ^AB,  anterior,  TR,  posterior  root;  1,  1'  (CPT),  region  of  the  crossed 
pyramidal  tract;  2,  2'  (DPT),  direct  pyramidal  tract;  PEC,  postero-eztemal 
coloiML;  LC,  lateral  cdmnn  (B.  Bramwell). 

Those  fibres  of  the  spinal  cord  which  do  not  degenerate  after  section 
of  the  cord,  especially  numerous  in  the  lateral  and  anterior  columns 
(Biehieferdecker,  Singer),  are  commissural  in  function,  connecting 
ganglionic  cells  with  each  other,  and  are,  therefore,  provided  with  a 
tEBphic  centre  at  both  ends. 


Time  of  BeTelopment.— With  regard  to  the  time  of  development  of  the  in- 
Afidnal  syrtems,  Flechsig  finds  that  the  first  formed  paths  are  those  between  the 
fishery  and  the  central  grey  matter,  especially  the  nerve-roota,  ie.,  they  are  the 
ftnt  to  be  covered  with  the  myelin.  Then  fibres  which  connect  the  grey  matter 
at  different  levels  are  formed — the  fibres  which  connect  the  grey  matter  of  the 
aord  with  the  oerebellom,  and  also  the  former  with  the  tegmentum  of  the  cerebral 
pednnde.  At  last  the  fibres  which  connect  the  ganglia  of  the  pedunculos  cerebri^ 
aatd  perhaps  also  the  grey  matter  of  the  cortex  cerebri  with  the  grey  matter  of  the 
and  are  formed.  In  cases  of  anencephalons  foetnses,  i,e.,  where  the  cerebrum  is 
abaeni^  neither  the  pyramidal  tracts  nor  the  pyramids  are  developed.  In  the  ftroM 
baiore  birth,  medollated  nerve-fibres  are  formed  in  the  paracentral,  central  and 
acoipital  convolutions,  and  in  the  island  of  Beil,  and  last  of  all,  in  the  frontal 
ooBETolntions  (Tocxek). 
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360.  Spinal  Reflexes. 

By  the  term  reflex  mOTement  18  meant,  amoTement  oaaaed  by  the  itimnlatian 
of  an  afferent  (sensoTy)  nerve.  The  stimulns,  on  being  applied  to  an  afferent  nerve, 
sets  up  a  state  of  excitement  (nervons  impulse)  in  that  nerve,  which  state  of 
excitement  is.  transmitted  in  a  centripetal  direction  along  the  nerve  to  the  centre 
(spinal  cord  in  this  case),  where  the  nerve-cells  represent  the  nerve-centre;  in  the 
centre,  the  impulse  ia  transferred  to  the  motor,  efferent  or  centrifv^al  channeL 
Three  facton  therefore  are  essential  for  a  reflex  motor  act— a  centripetal  or 
afferent  fibre,  a  transferring  centre,  a  centrifugal  or  efferent  fibre ;  these  together 
constitute  a  reflex  arc  (Fig.  337).  In  a  purely  reflex  act,  all  voluntary  activity  is 
excluded. 


Fig.  337. 
Scheme  of  a  reflex  arc — S,  skin; 
M,  muscle ;  N,  nerve-cell,  with 
(if,  afferent    and  ef,  efferent 
fibres. 


Fig.  338. 

Section  of  a  spinal  segment,  showing  a  unilateral 
and  crossed  reflex  act — A,  anterior,  and  P, 
posterior  surface;  M,  muscle;  S,  skin;  G» 
ganglion. 


Keflex  movements  may  be  divided  into  the  three  following  groups : — 
I.  The  simple  or  partial  reflexes,  which  are  characterised  by  the  fact,  that 
stimulation  of  a  sensory  area  discharges  movement  in  one  muscle  only,  or  at  least 
in  one  limited  group  of  muscles.  JBxamples:  A  blow  upon  the  koee  causes  a  con- 
traction in  the  quadriceps  extensor  cruris;  contact  with  the  conjunctiva  causes 
closure  of  the  eyelids.  In  the  former  case,  the  afferent  channels  arise  in  the  tendon 
of  the  quadriceps,  and  the  efferent  channels  lie  in  the  nerve  which  supplies  the 
quadriceps;  in  the  latter  case,  the  afferent  nerve  is  the  fifth  and  the  efferent  the 
seventh  cranial  nerve.  In  the  former  case,  the  centre  is  in  the  lumbar  region  of 
the  cord;  in  the  latter,  in  the  grey  matter  of  the  medulla  oblongata. 

n.  The  ExtensiTe,  XJnco-ordinate  Reflexes  or  Keflex  Spasms. — ^These 
moyements  occur  in  the  form  of  clonic  or  tetanic  contractions; 
individual  groups  of  muscles,  or  all  the  muscles  of  the  body  may  be 
implicated.  Causes :  A  reflex  spasm  depends  upon  a  double  cause — 
(a.)  Either  the  grey  matter  or  the  spinal  cord  is  in  a  condition  of 
€xalted  excUdbUUy^  so  that  the  nervous  impulse^  after  having  reached  the 
eentre,  is  easUy  transferred  to  the  neighbouring  centres.  This  excessive 
excitability  is  produced  by  certain  poisons,  more  especially  by 
stryckmn;  brucia,  caffein  (Aubert),  atropin,  nicotin,  carbolic  acid,  &c. 
The  slightest  touch  applied  to  an  animal  poisoned  with  strychnin,  ia 
sufi&cient   to   throw  the  animal  at  once  into  spasms.      Pathological 
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conditionB  may  cause  a  simOar  result;  thus,  there  is  excessive 
excitability  in  hydrophobia  and  tetanus.  On  the  other  hand,  the 
central  organ  may  be  in  such  a  condition  that  extensive  reflexes 
cannot  take  place ;  thus,  in  the  condition  of  apnoea,  the  spasms  that 
occur  in  poisoning  with  strychnin  do  not  take  place  (J.  Rosenthal  and 
Leube,  Uspensky),  and  the  same  result  is  brought  about  by  passive 
artificial  respiratory  movements  (v.  Ebner — §  361,  3).  The  exercise 
of  other  passive  periodic  movements  in  various  parts  of  the  body  also 
produces  a  similar  condition  (Buchheim).  If  the  spinal  cord  be  cooled 
very  considerably,  reflex  spasms  may  not  occur  (Kunde).  (b.)  Extensive 
reflex  movements  may  also  take  place  when  the  discharging  simulus 
is  very  strong.  Examples  of  this  condition  occur  in  man,  thus — ^intense 
neuralgia  may  be  accompanied  by  extensive  spasmodic  movements. 

Summation  of  Stimuli — By  this  term  is  meant,  that  a  single  weak 
stimulus,  which  in  itself,  is  incapable  of  discharging  a  reflex  act,  may,  if 
repeated  sufficiently  often,  produce  this  act.  The  single  impulses  are 
conducted  to  the  spinal  cord,  in  which  the  process  of  "  summation " 
takes  place.  According  to  J.  Eosenthal,  3  feeble  stimuli  per  second 
are  capable  of  producing  this  eflect,  although  16  stimuli  per  second 
are  most  effective.  On  increasing  the  number  of  stimuli  per  second, 
no  further  increase  of  the  reflex  act  is  possible.  Other  observers 
(Stirling,  Ward)  have  found  that  stimuli,  such  as  induction  shocks, 
are  active  within  much  wider  limits,  e.g,,  from  005  to  0*4  second 
interval.  W.  Stirling  has  shown  that  it  is  extremely  probable,  that 
all  reflex  acts  are  due  to  the  repetition  of  impulses  in  the  nerve- 
centres. 

Pfliiger's  Law  of  Beflex  Actions* — l*  The  reflex  movement  occun  on  the 
same  tide  on  which  the  sensory  nerve  is  stimulated;  while  only  those  muscles 
contract  whose  nerves  arise  from  the  same  segment  of  the  spinal  cord.  2.  If  the 
reflex  occurs  on  the  other  side,  only  the  corresponding  muscles  contract.  3.  If 
the  contractions  be  unequal  upon  the  two  sides,  then  the  most  vigorous  contrac- 
tions always  occur  on  the  side  which  is  stimulated.  4.  If  the  reflex  excitement 
extends  to  other  motor  nerves,  those  nerves  are  always  affected  which  lie  in  the 
direction  of  the  medulla  oblongata.  Lastly,  all  the  muscles  of  the  body  may  be 
thrown  into  contraction. 

Crossed  Beflexes. — ^They  are  exceptions  to  these  rules.  If  the  region  of  the 
eye  be  irritated  in  a  frog  whose  cerebrum  is  removed,  there  is  frequently  a  reflex 
contraction  in  the  hind  limb  of  the  opposite  side  (Luchsinger,  LangendorfiT).  In 
beheaded  tritons  and  tortoises,  and  in  deeply  narcotised  dogs  and  cats,  tickling  one 
fore  limb  is  frequentiy  followed  by  a  movement  of  the  hind  limb  of  the  opposite 
side  (Luchsinger).  This  phenomenon  is  called  a  ** crossed  reflex**  (Fig.  338).  If 
the  spinal  cord  be  divided  along  the  middle  line  throughout  its  entire  extent,  then 
of  course  the  reflexes  are  confined  to  one  side  only  (Schiff)* 

Extensor  Tetanns. — General  spasms  usually  manifest  themselves  as  ''extensor 
tetanus,"  because  the  extensors  overcome  the  flexor  muscles.  Nerves  which  arise 
from  the  medulla  oblongata  may  be  excited  through  the  stimulation  of  distant 
Afferent  nerves,  without  general  spasms  being  produced* 


EFFECT  OF  DRUGS  ON  REFLEX  ACTION.  845 

Strychnin  is  the  most  powerful  reflex-producing  poison  we  possees,  and  it  acta 
upon  the  grey  matter  of  the  spinal  cord.  [An  animal  poisoned  with  strychnin 
exhibits  tetanic  spasms  on  the  application  of  the  slightest  stimulus.  All  the- 
musdea  become  rigid,  but  the  extensors  overcome  the  flexors.]  If  the  heart  of  » 
frog  be  ligatured,  and  the  poison  afterwards  applied  directly  to  the  spnal  cord, 
reflex  spasms  are  produced,  proving  that  strychnin  acts  upon  the  spinal  cord. 
During  the  spasm,  the  heart  is  arrested  in  diastole,  owing  to  the  stimulation  of 
the  vagus,  while  the  arterial  blood-pressure  is  greatly  increased,  owing  to  stimu- 
lation of  the  central  vaso-motor  centres  of  the  medulla  oblcmgata  and  spinal  cord. 
Mammals  may  die  from  asphyxia  during  the  attack ;  still,  after  large  doses,  death 
may  occur,  owing  to  paralysis  of  the  spinal  cord,  due  to  th^  frequently  recurring 
spasms.  Fowls  are  unaffected  by  comparatively  large  doses.  [We  can  prove  that 
strychnin  does  not  produce  spasms  by  acting  on  the  brain,  muscle  or  nerve. 
Destroy  the  brain  of  a  frog,  divide  one  sciatic  nerve  high  up,  and  inject  a  small 
dose  of  strychnin  into  the  dorsal  lymph-sac;  in  a  few  minutes,  all  the  muscles  of 
the  body,  except  those  supplied  by  the  divided  nerve,  will  be  in  spasms,  showing 
that  although  the  poisoned  blood  has  circulated  in  the  nerves  and  muscles  of  the 
leg,  it  does  not  act  on  them.  Destroy  the  spinal  cord  and  the  spasms  cease  at 
once.] 

Othor  "Poisons,— Chhrqform  diminishes  the  reflex  excitability  by  acting  upon 
the  centre,  and  a  similar  effect  is  produced  by  picrotoxin,  morphia,  narcotin, 
thebain,  aconitia,  quinine,  hydrocyanic  acid.  [W.  Stirling  finds  that  chloral, 
potassic  bromide  and  chloride,  ammonium  chloride,  but  not  sodium  chloride, 
greatly  diminish  the  reflex  excitability.] 

A  constant  current  of  electricity  passed  longitudinally  through  the  cord  diminishes 
the  reflexes  (Banke),  especially  if  the  direction  of  the  current  is  from  above  down- 
wards (Legros  and  Onimus,  Uspensky). 

III.  ExtensiTe  co-ordinated  reflexes  are  due  to  stimulation  of  a 
sensory  nerve^  causing  the  discharge  of  complicated  reflex  movementa 
in  whole  groups  of  different  muscles,  the  movements  being  '^ purposive** 
in  character^  t.e.,  as  if  they  were  intended  for  a  particular  purpose. 

Methods.— The  experiments  are  made  upon  cold-blooded  animals  (decapitated 
or  pithed  frogs,  tortoises,  or  eels),  or  upon  mammals.  In  the  latter,  artificial 
respiration  is  kept  up,  and  the  four  arteries  going  to  the  head  are  ligatured,  in 
order  to  eliminate  the  action  of  the  brain  (Sig.  Mayer,  Luchsinger). 

The  reflexes  of  the  lower  part  of  the  spinal  cord  may  be  studied  on  animals  (or 
men),  in  cases  where  the  spinal  cord  is  divided  transversely  in  the  upper  dorsal 
region.  In  such  cases,  some  time  must  elapse  in  order  that  the  primary  effect  of 
the  lesion  (the  so-called  shock),  which  usually  causes  a  diminution  of  the  reflexes, 
may  pass  off.  Very  young  mammals  exhibit  reflexes  for  a  considerable  time  after 
they  are  beheaded. 

Examples :  I.  The  protectire  movements  of  pithed  or  decapitated 
frogs.  [If  a  drop  of  a  dilute  acid  be  applied  to  the  skin  of  such  a 
frog,  immediately  it  strives  to  get  rid  of  the  offending  body,  and  it 
generally  succeeds  in  doing  so.]  Similarly,  it  kicks  against  any  fixed 
body  pushed  against  it  These  movements  are  so  purposive  in  their 
character,  and  the  actions  of  groups  of  muscles  are  so  adjusted  to 
perform  a  particular  act,  that  Pfliiger  regarded  them  as  directed  by, 
and  due  to  "  consciousness  of  the  spinal  cord/*'    If  a  flame  be  applied 
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to  the  side  of  part  of  the  body  of  an  eel,  the  body  is  moved  away  from 
the  flame.  The  tail  of  a  decapitated  triton,  tortoise,  newt,  eel»  or  anake 
is  directed  towards  a  gentle  stimulus,  but  if  a  violent  atimuliu  ia  iiaed^ 
it  is  directed  away  from  it  (Luchsinger). 

2.  Goltz's  GroakiDg  Experiment,  or  '' QnarrversacL"— A  pithed 
^male)  frog,  ie.,  one  with  its  cerebral  lobes  alone  removed  (or  one 
with  its  eyes  or  ears  destroyed — ^Langendorff),  croaks  every  tima 
the  skin  of  its  back  or  flanks  is  gently  stroked.  [Some  male  frogs, 
when  held  up  by  the  finger  and  thumb  immediately  behind  the  fore  legi^ 
croak  one  or  more  times  when  gentle  pressure  is  made  on  their  aides.] 

3.  Goltz's  "  Embrace  Experiment." — ^During  the  breeding  season  m 
spring,  the  part  of  the  body  of  the  male  frog  between  the  skull  and 
the  fourth  vertebra,  embraces  every  rigid  object,  which  is  brought  int^ 
contact  with,  and  gently  stimulates,  the  skin  over  the  sternum. 

4.  In  mammals  (dogs),  the  following  reflex  acts  are  performed  by 
the  posterior  part  of  the  spinal  cord,  after  it  is  separated  from  the  rest 
of  the  cord :  Scratching  with  the  hind  feet  a  part  of  the  skin  whidi 
has  been  tickled  (just  as  in  intact  animals);  the  movements  necesBuy 
for  emptying  the  bladder  and  for  defsecation,  as  well  as  those  necessary 
for  erection ;  the  movements  necessary  for  parturition  (Groltz,  Freusbeiig 
and  Gergens).  Co-ordinated  movements  do  not  as  a  rule  oocnr 
simultaneously  in  portions  of  the  spinal  cord  lying  widely  apart  after 
removal  of  the  medulla  oblongata.  According  to  Ludwig  and 
Owsjannikow,  the  medulla  oblongata  perhaps  contains  a  reflex  organ 
of  a  higher  order,  which  forms,  as  it  were,  a  centre  for  combining^ 
through  the  medium  of  the  nerve-fibres,  the  various  reflex  provinces  in 
the  spinal  cord. 

5.  Co-ordinated  reflexes  may  occur  in  man  during  sleep,  and  during 
pathological  comatose  conditions. 

Most  of  the  movements  which  we  perform  while  we  are  awake,  and  which  we 
execute  unconsciouslff — or  oven  when  our  psychical  activities  are  concentrated  upon 
some  other  object — really  belong  to  the  category  of  co-ordinated  reflexes.  Many 
'Complicated  motor  acts  must  first  be  learned— f.^.,  dancing,  skating,  riding, 
walking — before  unconscious  harmonious  co-ordinated  reflexes  can  again  be  dis- 
charged. The  co-ordinated  reflex  movements  of  coughing,  sneezing,  and  vomiting 
(depend  upon  the  spinal  cord,  together  with  the  medulla  oblongata. 

The  following  facts  are  also  important : — 

1.  Eeflexes  are  more  easily  and  more  completely  discharged,  when 
the  specific  end-organ  of  the  aflerent  nerve  is  stimulated,  than  when  the 
trunk  of  the  nerve  is  stimulated  in  its  course  (Marshall  Hall,  1837, 
Yolkmann,  Fick  and  Erlenmeyer). 

2.  A  stronger  stimulus  is  required  to  discharge  a  reflex  movement 
than  for  the  direct  stimulation  of  motor  nerves. 
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3.  A  movement  produced  reflexly  is  of  shorter  duration  thaa  the 
corresponding  movement  executed  voluntarily.  Further,  the  occurrence 
of  the  movement  after  the  moment  of  stimulation  is  distinctly  delayed. 
In  the  frog,  a  period  nearly  twelve  times  as  long  elapses  before  the 
occurrence  of  the  contraction,  than  is  occupied  in  the  transmission  of 
the  impulse  in  the  sensory  and  motor  nerves  (Helmholtz,  1854). 
Thus,  the  spinal  cord  offers  resistance  to  the  transmission  of  impulses- 
through  it. 

The  term  "reflex  time'' is  applied  to  the  time  necessary  for  transferring  the 
impuLse  from  the  afferent  fibre  to  the  nerve-ceUs  of  the  cord,  and  from  them  to  the 
efferent  fibre.  In  the  firog  it  is  eqaal  to  0  '008-0*015  second.  The  time,  however,  is 
increased  by  almost  one-third,  if  the  impulse  pass  to  the  otJiiCr  side  of  the  cord, 
or  if  it  pass  along  the  cord— e.g.,  from  the  sensory  nerves  of  the  anterior  extremity 
to  the  motor  roots  of  the  posterior  limb.  Heat  diminishes  the  reflex  time  and 
increases  the  reflex  excitability.  Lowering  the  temperature  (winter  frogs),  as  well 
as  the  reflex-exciting  poisons  already  mentioned,  lengthen  the  reflex  time,  whilst 
the  reflex  excitability  is  simultaneously  increased.  Conversely,  the  reflex  time 
diminishes  as  the  strength  of  the  stimulus  increases,  and  it  may  even  become  of 
minimal  dnration  (J.  Rosenthal). 

The  reflex  time  is  determined  by  ascertaining  the  moment  at  which  the  sensory 
nerve  is  stimulated,  and  the  subsequent  contraction  occurs.     Deduct  from  this  the 
time  of  latent  stimulation  (§  298,  L),  and  the  time  necessary  for  the  conduction  of 
the  hnpnlse  (§  298)  in  the  afferent  and  efferent  nerves  (v.  Helmholtz,  J.  Kosenthal, 
JSbdmt,  Wundt). 

[Inflnence  of  Poisons. — The  latent  period  and  reflex  time  are  influenced  by  a. 
large  number  of  conditions.  In  a  research  as  yet  unpublished,  W.  Stirling  finds- 
that  the  latent  period  may  remain  nearly  constant  in  a  pithed  frog  for  nearly  two- 
days,  when  tested  by  Tiirck's  method.  Sodic  chloride  does  not  influence  the 
time,  nor  does  sodic  bromide  or  iodide.  Potassic  chloride;  however,  lengthens  it 
enormously,  or  even  abolishes  reflex  action  after  a  very  short  time,  and  so  do- 
potassic  bromide,  ammonium  chloride  and  bromide,  chloral  and  croton-chloraL 
The  lithia  salts  also  lengthen  the  reflex  time,  or  abolish  the  reflex  act  after  a  time.] 


361.  Inhibition  of  the  Reflexes. 

Within  the  body  there  are  mechanisms  which  can  suppress  or  inhibit 
the  discharge  of  reflexes,  and  they  may  therefore  be  termed  mechanisms 
inhibiting  the  reflexes.     These  are : — 

1.  Volnntary  Inhibition. — ^Reflexes  may  be  inhibited  voluntarily, 
both  in  the  region  of  the  spinal  cord  and  brain.  Examples :  keeping 
the  eyelids  open  when  the  eyeball  is  touched,  arrest  of  movement 
when  the  skin  is  tickled.  We  must  observe,  however,  that  the 
suppression  of  the  reflexes  is  possible  only  up  to  a  certain  point.  If 
the  stimulus  be  strong,  and  repeated  with  sufficient  frequency,  the 
reflex  impulse  ultimately  overcomes  the  voluntary  eflbrt  It  ia 
impossible  to  si^ress  those  reflex  movements  which  cannot  at  any 
time  be  perfonned  vohmtanly.    Thus,  erection,  ejaculation,  parturition^ 
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and  the  movements  of  the  iris,  are  neither  direct  voluntary  acts,  nor 
can  they,  when  they  are  excited  refiezly,  be  suppressed  by  the  will 

2.  Setschenow's  inhibitory  centre  is  another  cerebral  apparatus, 
which  in  the  frog  is  placed  in  the  optic  lobes.  If  the  optic  lobes  be 
separated  from  the  rest  of  the  brain  and  spinal  cord  by  a  section  made 
below  it,  the  reflex  excitability  is  increased.  If  the  optic  lobes  be 
"Stimulated  with  a  crystal  of  common  salt  or  blood,  the  reflex  move- 
ments are  suppressed.  The  same  results  obtain  when  only  one  side  is 
operated  on.  Similar  organs  are  supposed  to  be  present  in  the  corpora 
•quadrigemina  and  medulla  oblongata  of  the  higher  vertebrates. 

3.  Strong  stimulation  of  a  sensory  nerve  inhibits  reflex  movements. 
The  reflex  does  not  take  place  if  an  afferent  nerve  be  stimulated  very 
{)owerfully  (Goltz,  Lewisson,  A.  Fick  and  Erlenmeyer). 

Examples :  Suppressing  a  sneeze  by  friction  of  the  nose,  [compressing 
the  skin  of  the  nose  over  the  exit  of  the 'nasal  nerve];  suppression  of 
the  movements  produced  by  tickling,  by  biting  the  tongue.  Very 
violent  stimulation  may  even  suppress  the  co-ordinated  reflex  move- 
ments usually  controlled  by  voluntary  impulses.  Violent  pain  of  the 
abdominal  organs  (intestine,  uterus,  kidneys,  bladder,  or  liver)  may 
prevent  a  person  from  walking  or  even  from  standing.  To  the  same 
category  belongs  the  fact  that  persons  fall  down  when  internal  organs 
richly  supplied  with  nerves  are  injured,  there  being  neither  injury  of 
the  motor  nerves,  nor  loss  of  blood  to  account  for  the  phenomenon. 

It  is  important  to  note  that  in  the  sappreasion  of  reflexes,  antagonistic 
muscles  &re  often  thrown  into  action,  whether  yolontarily  or  by  the  stimolation 
of  sensory  nerves,  i.e.,  reflexly.  In  some  cases,  in  order  to  caose  sappression  of 
the  reflex,  it  appears  to  be  sufficient  to  direct  onr  attention  to  the  execution  of 
such  a  complicated  reflex  actb  Thus,  some  persons  cannot  sneeze  when  they 
think  intently  upon  this  act  itself  (Darwin).  The  voluntary  impulse  rapidly 
reaches  the  reflex  centre,  and  begins  to  influence  it,  so  that  the  normal  course  of 
the  reflex  stimulation,  due  to  an  impulse  from  the  periphery,  is  interfered  witii 
(Schlbsser). 

[Nature  of  Inhibition. — The  foregoing  view  assumes  the  existence  of 
inhibitory  centres,  but  it  is  important  to  point  out  that  it  has  been 
attempted  to  explain  this  phenomenon  without  supposing  the  existence 
of  inhibitory  centres.  During  inhibition  the  function  of  an  organ  is 
restrained — during  paralysis  it  is  abolished,  so  that  there  is  a  sharp 
distinction  between  the  two  conditions.  The  analogy  between  inhibitory 
phenomena  and  the  effects  of  interference  of  waves  of  light  or  sound 
has  been  pointed  out  by  Bernard  and  Bomanes,  while  Lauder  Brunton 
has  shown  good  reason  for  placing  the  question  on  a  physical  basis,  and 
indicating  that  inhibition  is  not  dependent  on  the  existence  of  special 
inhibitory  centres,  but  that  stimulation  and  inhibition  are  different 
phases  of  excitement,  the  two  terms  beiug  relative  conditions  depending 
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on  tiie  leogth  of  the  path  along  which  the  impulse  has  to  travel  and 
the  rate  of  its  transmission.  Brunton  points  out  that  the  known  facts 
are  more  consistent  with  an  hypothesis  of  the  interference  of  waves, 
one  with  another,  than  that  there  are  inhibitory  centres  for  every  so- 
<:alled  inhibitory  act  in  the  body.] 

Certain  poisons  diminish  the  reflex  excitability,  6,g.,  chloroform, 
digitalis,  Calabar  bean,  quinine,  potassic  bromide,  &c.,  probably  after 
causing  a  temporary  increase  of  the  excitability.  [Stirling  finds  that 
ammonium  and  potassic  chlorides,  chloral,  and  croton-chloral  also 
diminish  it.] 

If  frogs  be  asphyxiated  in  air  deprived  of  all  its  0,  the  brain  and 
spinal  cord  become  completely  unexcitable,  and  can  no  longer  discharge 
reflex  acts.  The  motor  nerves  and  the  muscles,  however,  suffer  very 
little,  and  may  retain  their  excitability  for  many  days  (Aubert). 

Torek's  method  of  testing  the  reflex  excitability  of  a  frog  is  the 
following: — ^A  frog  is  pithed,  and  after  it  has  recovered  from  the 
shock,  its  foot  is  dipped  into  dUtUe  sulphuric  add  [2  per  1000].  The 
time  which  elapses  between  the  leg  being  dipped  in  and  the  moment 
it  is  withdrawn  is  noted.  [The  time  may  be  estimated  by  means  of 
a  metronome,  or  the  movements  may  be  inscribed  upon  a  recording 
surface  (Baxt).  The  time  which  elapses  is  known  as  the  ''  period  of 
latent  stimulation."] 

This  time  is  greatly  prolonged  after  the  optic  lobes  have  been  stimulated 
with  a  crystal  of  common  salt  or  blood,  or  after  the  stimulation  of  a  sensory 
nerve. 

Setschenow  dirtSngaished  tactile  reflexes,  'which  are  discharged  by  stimulation 
of  the  nerves  qf  touch;  and  patMc,  which  are  due  to  stimulation  of  aenaory  (pain- 
conducting)  fibres.  He  and  Paschutin  suppose  that  the  tactile  reflexes  are 
suppressed  by  voluntary  impulses,  and  the  pathic  by  the  centre  in  the  optic 
lobes. 

Theory  of  Beflex  Movements. — ^The  following  theory  has  been  propounded 
to  account  for  the  phenomena  already  described : — It  is  assumed  that  the  afferent 
fibre  within  the  grey  matter  of  the  spinal  cord  joins  one  or  more  nerve-cells,  and 
thus  is  placed  in  communication  in  all  directions  with  the  net- work  of  fibres  in 
the  grey  substance.  Any  impulse  reaching  the  grey  matter  of  the  cord  has  to 
overcome  considerable  reiisUmee.  The  least  resistance  lies  in  the  direction  of 
those  efferent  fibres  which  emerge  in  the  same  plane  and  upon  the  same  side  as  the 
entering  fibre.  Thus  the  feeblest  stimuli  gives  rise  to  a  eimple  re/lex,  which 
generally  is  merely  a  simple  protective  movement  for  the  part  of  the  skin  which 
is  stimulated. 

Still  greater  resistance  is  opposed  in  the  direction  of  other  motor  ganglia.  If 
the  reflex  impulse  is  to  pass  to  these  ganglia,  either  the  discharging  etrntUue  must 
be  considerably  inerecued,  or  the  rematanee  within  the  connections  of  the  ganglia 
of  the  grey  matter  must  be  ditninUhed.  The  latter  condition  is  produced  by  the 
action  of  the  above-named  poisons,  as  well  as  during  general  increased  nervous 
excitability  (hysteria,  nervousness).  Thus,  extensive  reflex  spasms  may  be  pro- 
duced either  by  inoreaaiDg  the  stimulnsi  or  by  diminishing  the  resistanoe  to  con* 
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dnctioQ  in  the  spinal  card.  ThMe  conditions  which  render  the  occnrrence  of 
reflexes  more  difficult,  or  abolish  them  altogether,  must  be  regarded  as  iocreasing 
the  resistance  in  the  reflex  arc  in  the  cord.  The  action  of  the  reflex  inhibitory 
mechanism  may  be  viewed  in  a  similar  manner. 

The  fibres  of  the  reflex  arc  must  have  a  connection  with  the  reflex  inhibitory 
paths;  we  must  assume  that  equally  by  the  reflex  inhibitory  stimulation  resistance 
is  introduced  into  the  reflex  arc.  The  explanation  of  extensive  co-ordituUed  move- 
menu  is  accompanied  with  difficulties.  It  is  assumed,  that  by  use  and  also  by 
heredity,  those  ganglionic  cells  which  are  the  first  to  receive  the  impulse,  are 
placed  in  the  path  of  least  resistance  in  connection  with  those  cells  which  transfer 
the  impulse  to  the  groups  of  muscles,  whose  oontraction,  resulting  in  a  co-ordinated 
purposive  movement,  prevents  the  body  or  the  limb  from  being  afiected  by  any 
injurious  influences. 

Pathological. — Anomalies  of  reflex  activity  afiord  an  important  field  to  the 
physician  in  the  investigation  of  nervous  diseases.  Enfeeblomeilt)  or  even 
complete  abolition  of  the  reflexes  may  occur:— (1)  Owing  to  diminished  sen- 
sibility or  complete  insensibility  of  the  afferent  fibres ;  (2)  in  analogous  affections 
of  the  central  organ ;  (3)  or,  lastly,  of  the  efferent  fibres.  Where  there  is  general 
depression  of  the  nervous  activity  (as  after  shocks,  compression  or  inflammation  of 
the  central  nervous  organs;  in  asphyxia,  in  deep  coma,  and  in  consequence  of 
the  action  of  many  poisons),  the  reflexes  may  be  greatly  diminished  or  even 
abolished. 

[The  physician,  by  studying  the  coadition  of  the  reflexes,  can  form 
an  idea  as  to  the  condition  of  practically  every  inch  of  the  spinal  cord. 
There  are  three  groups  of  reflexes,  (a)  the  superficial,  (6)  the  deep  or 
tendon,  (c)  the  organic  reflexes.] 

[The  superficial  or  skin  reflexes  are  excited  by  stimulating  the  skin^ 
^'9'f  fey  tickling,  pricking,  scratching,  &c.  We  can  obtain  a  series  of 
reflexes  from  below  as  £ar  up  as  the  lower  part  of  the  cervical  region. 
The  plantar  reflex  is  obtained  by  tickling  the  soles  of  the  feet,  when  the 
leg  on  that  side,  or,  it  may  be,  both  legs  are  drawn  up.  It  is  always 
present  in  health,  and  its  centre  is  in  the  lumbar  enlargement  of  the 
cord.  The  cremasteric  reflex  is  well  marked  in  boys,  and  is  easily 
produced  by  exciting  the  skin  on  the  inner  side  of  the  thigh,  when  the 
testicle  on  that  side  is  elevated.  The  gMeal  reflex  consists  in  a  con- 
traction of  the  gluteal  muscles,  when  the  skin  over  the  buttock  is 
stimulated.  The  abdominal  reflex  consists  in  a  similar  contraction  of 
the  abdominal  muscles,  when  the  skin  over  the  abdomen  in  the 
mammary  line  is  stimulated.  The  ejngastric  rejlex  is  obtained  by 
stimulating  the  skin  in  front  between  the  fourth  and  sixth  ribs.  The 
interscapular  reflex  results  in  a  contraction  of  the  muscles  attached  to 
the  scapula,  when  the  ekin  between  the  scapuls  is  stimulated.  Its 
centre  corresponds  to  the  lower  cervical  and  upper  dorsal  region.] 

[The  following  table,  vfbsr  Gotpbeh^  showi  the  reMan  sf  «aidi  rsflu  to  the  spmal 
IgiMBul  nr^egnrantB  on  whiok  It  dcpinds:— » 


TSSDOS  REFLEXES. 


851 


Cervical, 


>f 


>i 


Donal, 


«1 

Lumbar, 

7rlnter- 

»> 

81     SokpnUr. 

j»        ' 

l) 

)» 

') 

»>        • 

6  >  Epigutnc. 

Sacral,      . 

7) 

i»          ' 

^ 

>> 

» 

i» 

10  >  Abdomizud. 

>> 

^M 

12/ 

2  [Cremasteric. 
^  I  GluteaL 

2V'8  i  \  Plantar. 
(VedcaL 
I  Rectal. 
)  Sexual.] 


Tendon  Beflezes. — ^Under  pathological  conditions,  special  attention 
is  directed  to  the  so-called  tendon  reflexes,  which  depend  upon  the 
fact,  that  a  blow  upon  a  tendon  {e.g.,  the  quadriceps  femoris,  tendo 
achilles,  &c.)  discharges  a  reflex  contraction  of  the  corresponding  muscle 
(Westphal,  Erb,  1875,  Eulenburg  and  others);  that  the  patellar  tendon 
reflex  (also  called  "Jcnee  phenomerum")  or  simply  ''knee  reflex,"  is  invari- 
ably absent  in  cases  of  ataxic  tabes  dorsalis,  while  in  spastic  spinal  para- 
lysis (Erb)  it  is  abnormally  strong  and  extensiva  Section  of  the  motor 
nerves  abolishes  the  patellar  phenomenon  in  rabbits  (Schultze),  and  so 
does  section  of  the  cord  opposite  the  5th-6th  lumbar  vertebrae  (Tschirjew, 
Senator).  Landois  finds  that  in  his  own  person  the  contraction  occurs 
0'048  second  after  the  blow  upon  the  ligamentum  patellse.  According 
to  Waller,  the  patellar  reflex  and  the  tendo  achilles  reflex  occurs 
0*03-0*04  second,  and,  according  to  Eulenburg,  0*032  second  after  the 
blow.  According  to  Westphal,  these  phenomena  are  not  simple  reflex 
processes,  but  complex  conditions  intimately  dependent  upon  the 
muscle  tonus,  so  that  when  the  tonus  of  the  quadriceps  femoris  is 
diminished,  the  phenomenon  is  abolished.  In  order  that  the  phenomenon 
may  take  place,  it  is  necessary  that  the  outer  part  of  the  posterior 
column  of  the  spinal  cord  remain  intact  (Westphal).  Another  im- 
portant diagnostic  reflex  is  the  ''abdominal  reflex"  (0.  Kosenbach), 
which  consists  in  this,  that  when  the  skin  of  the  abdomen  is  stroked, 
e.g.,  with  the  handle  of  a  percussion  hammer,  the  abdominal  muscles 
contract  When  this  reflex  is  absent  on  both  sides  in  a  cerebral 
affection,  it  indicates  a  diffuse  disease  of  the  brain ;  its  absence  on  one 
side  indicates  a  local  affection  of  the  opposite  half  of  the  brain.  The 
cremasteric,  coDJnnctiYaly  mammilary,  pupillary,  and  nasal  reflexes 
may  also  be  specially  investigated.  In  hemiplegia  complicated  with 
cerebral  lesions,  the  reflexes  on  the  paralysed  side  are  diminished, 
whilst  not  unfrequently  the  patellar  reflex  may  be  increased.  In 
extensive  cerebral  affections  accompanied  by  coma^  the  reflexes  are 
absent  on  both  sides  (0.  Kosenbach),  including  of  course  those  of 

the  anus  and  bladder. 
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.952  PATELLAR  REFLEX  AND  ANKLE  CLONUS. 

[Method. — ^The  patellar  reflex  is  easily  elicited  by  striking  thepaieUcr 
tendon  with  the  edge  of  the  hand  or  a  percussion  hammer  when  the  leg 
is  semi-flexed,  as  when  the  legs  are  hanging  over  the  edge  of  a  table  or 
when  one  leg  is  crossed  over  the  other.  It  is  almost  invariably  present 
in  health,  but  it  becomes  greatly  exaggerated  in  descending  degeneration 
of  the  lateral  columns  and  lateral  sclerosis.] 

[AnUe  clonus  is  another  tendon  reflex,  and  it  is  never  present  in 
heaKh.  If  the  leg  be  nearly  extended,  and  pressure  made  upon  the 
sole  of  the  foot  so  as  suddenly  to  flex  the  foot  at  the  ankle,  a  series 
of  (5-7  per  second)  rhythmical  contractions  of  the  muscles  of  the  calf 
•takes  place.  Growers  describes  a  modification  elicited  by  tapping  the 
muscles  of  the  front  of  the  leg,  the  '^^on^top  cowhradion"  Ankle 
donus  is  excessive  in  sclerosis  of  the  lateral  columns  and  spastic 


[The  organic  reflexes  include  a  consideration  of  the  acts  of  micturi- 
tion, erection,  ejaculation,  defecation,  and  those  connected  with  the 
-motor  and  secretory  digestive  processes,  respiration,  and  circulation.] 

When  we  are  about  to  sleep  (§  374),  there  ia  first  of  all  a  temporary  increase  of 
4he  reflexes;  in  the  first  sleep  the  reflexes  are  diminished,  and  the  pupils  are 
4)ontracted.  In  deep  sleep,  the  abdominal,  cremasteric,  and  patellar  reflexes  are 
absent;  while  tickling  the  soles  of  the  feet  and  the  nose,  only  acts  when  the  stimulus 
is  of  a  certain  intensity.  In  narcosls  (e.^.,  chloroform  or  morphia),  the  abdo- 
uinal,  then  the  conjunctival  and  patellar  reflexes  disappear;  lastly,  the  pupils 
contract  (0.  Eoeenbach). 

Abnormal  increase  of  the  reflex  activity  usually  indicates  an  increase  of  the 
excitability  of  the  reflex  centre,  although  an  abnormal  sensibility  of  the  afferent 
nerve  may  be  the  cause.  As  the  harmonious  equilibrium  of  the  voluntary  move- 
>ments  is  lai^y  dependent  upon  and  regulated  by  the  reflexes,  it  is  evidmt  that^ 
in  affections  of  the  spinal  cord,  there  are  frequent  disturbances  of  the  voluntary 
movements,  e.y.,  the  characteristic  disturbance  of  motion  in  attempting  to  walk, 
and  in  grasping  movements  exhibited  by  persons  suffering  from  ataxic  tabes 
dorsalis  [or,  as  it  is  more  generally  called,  locomotor  alaxia.] 

362.  Centres  in  the  Spinal  Cord. 

At  various  parts  of  the  spinal  cord  are  placed  centres,  which  are 
capable  of  being  excited  reflexly,  and  which  can  bring  about  the 
discharge  of  certain  complicated,  yet  well-co-ordinated  motor  acts. 
These  centres  still  retain  their  activity  after  the  spinal  cord  is  separated 
from  the  medulla  oblongata ;  further,  those  centres  lying  in  the  lower 
part  of  the  spinal  cord  still  retain  their  activity  after  being  separated 
from  the  higher  centres,  but  in  the  normal  intact  body,  these  centres 
are  subjected  to  the  control  of  higher  reflex  centres  in  the  meduBa 
oblongata.  Hence,  we  may  speak  of  them  as  subordinate  spinal  centres. 
The  cerebrum  also,  partly  by  the  production  of  perceptions,  and  partly 
as  the  organ  of  volition,  can  excite  or  suppress  the  action  of  certain  of 
these  subordinate  spinal  centres. 
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1.  The  centre  for  the  dilatation  of  the  pnpil  lies  in  the  lowvr 
cerrical  part  of  the  cord,  and  extends  downwards  to  the  region  of 
the  1st  to  the  3rd  dorsal  vertebra^  constituting  Budge's  eilio^spimA 
eentre.  It  is  excited  by  diminution  of  light ;  h&lh  pupils  always  react 
simultaneously,  when  one  retina  is  shaded.  Unilateral  extirpation  of 
this  part  of  the  spinal  cord  causes  contraction  of  the  pupil  on  the  same 
side.  The  motor  fibres  pass  out  by  the  anterior  roots  of  the  two  lower 
cervical  and  two  upper  dorsal  nerves,  into  the  cervical  sympathetis 
(p.  831,  §  392).  Even  the  idea  of  darkness  may  sometimes,  though 
rarely,  cause  dilatation  of  the  pupil  (Budge). 

In  goats  and  cats  this  centre,  even  after  being  separated  from  the  medulla 
oblongata,  can  be  excited  directly  by  dyspnoeic  blood,  and  also  reflexly  by  the 
4timnlation  of  sensory  nerves,  e,g,,  the  median,  especially  when  the  reflex  exoita- 
bUity  of  the  cord  is  increased  by  the  action  of  strychnin  or  atropin  (Lnchsinger), 
For  the  dilator  centre  in  the  medulla  oblongata  see  §  367,  8. 

2.  The  centre  for  defscation,  or  Budge's  ano-spinal  centre.  The 
afferent  nerves  Ue  in  the  hemorrhoidal  and  inferior  mesenteric  plexuses, 
the  centre  at  the  5th  (dog)  or  6th-7th  (rabbit)  lumbar  vertebra;  the 
efferent  fibres  arise  from  the  pudendal  plexus  and  pass  to  the  sphincter 
muscles.  For  the  relation  of  this  centre  to  the  cerebrum  see  §  160. 
After  section  of  the  spinal  cord  [in  dogs],  Goltz  observed  that  the 
sphincter  contracted  rhythmically  upon  the  finger  introduced  mto  the 
anus ;  the  co-ordinated  activity  of  the  centre  therefore  would  seem  to 
be  possible  only  when  the  centre  remains  in  connection  with  the  brain. 

3.  The  centre  for  micturition,  or  Budge's  vesicoHspinal  centre.  The 
centre  for  the  sphincter  muscle  lies  at  the  5th  (dog)  or  the  7th  (rabbit) 
lumbar  vertebra,  and  that  for  the  muscles  of  the  bladder  somewhat 
higher.  The  centre  acts  only  in  a  properly  co-ordinated  way  in 
connection  with  the  brain  (§  280). 

4.  The  centre  for  erection  (§  436)  also  lies  in  the  lumbar  r^oiL 
The  afferent  nerves  are  the  sensory  nerves  of  the  penis;  the  efferent 
nerves  for  the  deep  artery  of  the  penis  are  the  vaso-dilator  nerves, 
ariung  from  the  lst-3rd  sacral  nerves,  or  Eckhard's  mrtA  mgentes — 
while  the  motor  nerves  for  the  ischiocavemosus  and  deep  transverse 
perineal  muscles  arise  from  the  3rd-4th  sacral  nerves.  The  latter  may 
also  be  excited  voluntarily,  the  former  also  partly  by  the  hndn,  by 
directing  the  attention  to  the  sexual  activity.  Eckhard  observed  erection 
to  take  place  after  stimulation  of  the  higher  regions  of  the  spinal  cord, 
as  well  as  of  the  pons  and  crura  cerebri. 

5.  The  centre  for  ejaculatioa  The  afferent  nerve  is  the  dorsal  of 
the  penis,  the  centre  (Budge's  genito-spinal  centre)  lies  at  the  4th 
lumbar  vertebra  (rabbit) ;  the  motor  fibres  of  the  vas  deferens  arise  from 
the  4th  and  5th  lumbar  nerves,  which  pass  into  the  sympatbetk^  amd 
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from  thence  to  the  vas  deferens.  The  motor  fibres  for  the  bnlbo- 
cavernosas  muscle,  which  ejects  the  semen  from  the  bulb  of  the  urethra, 
lie  in  the  3rd  and  4th  sacral  nerves  (perineal). 

6.  The  centre  for  the  act  of  parturition  (§  453)  lies  at  the  Ist  and 
2nd  lumbar  vertebrse  (Eomer);  the  afferent  fibres  come  from  the^ 
uterine  plexus,  to  which  also  the  motor  fibres  proceed.  Groltz  and 
Freusberg  observed  that  a  bitch  became  pregnant  after  its  spinal  cord 
was  divided  at  the  1st  lumbar  vertebra. 

7.  7aso-motor  Centres.  Both  vaso-motor  and  vaso-dilator  centres 
are  distributed  throughout  the  whole  spinal  axis.  To  them  belongs  the 
centre  for  the  i^leen,  which  in  the  dog  is  opposite  the  lst-4th  cervical 
vertebrsB  (Bulgak).  They  can  be  excited  reflexly,  but  they  are  alsa 
controlled  by  the  dominating  centre  in  the  medulla  oblongata  (§  371). 
Psychical  disturbance  (cerebrum)  influences  them  (§  377). 

8.  The  centre  for  the  secretion  of  sweat  is  perhaps  distributed 
similarly  to  the  vaso-motor  centres  (§  288). 

The  reflex  movements  discharged  from  these  centres  are  orderly  co-ordinated 
reflexes,  and  may  thns  be  compared  to  the  orderly  reflexes  of  the  trunk  and 
extremities. 

Muscle  Tonus. — Formerly  automatic  functions  were  ascribed  to  the  spinal 
cord,  one  of  these  being  that  it  caused  a  moderate  active  tension  of  the  muscles— a 
condition  that  was  termed  muscle  tone,  or  tonus.  The  existence  of  tonus  in  a 
striped  muscle  was  thought  to  be  proved  by  the  &ct  that,  when  such  a  muscle  was 
divided,  its  ends  retracted.  This  is  due  merely  to  the  fsuot  that  all  the  muscles  are 
stretched  slightly  beyond  their  normal  length  (p.  663). 

Even  paralysed  muscles,  which  have  lost  their  muscular  tone,  show  the  same 
phenomenon.  Formerly,  the  stronger  contraction  of  certain  muscles,  after  paralysis 
of  their  antagonists,  and  the  retraction  of  the  facial  muscles  to  the  sound  side, 
after  paralysis  of  the  facial  nerve,  were  also  regarded  as  due  to  tonus.  This  result 
is  simply  due  to  the  fact  that,  after  the  activity  of  the  intact  muscles,  the  other 
ones  have  not  sufficient  power  to  restore  the  parts  to  their  normal  median  position. 
The  following  experiment  of  Auerbach  and  Heidenhain  is  against  the  assumption 
of  a  tonic  contraction : — If  the  muscles  of  the  leg  of  a  decapitated  frog  be  stretched, 
it  is  found  that  they  do  not  elongate  after  section  of  the  sciatic  nerve,  or  after  it  is 
paralysed  by  touching  it  with  ammonia  or  carbolic  acid. 

Beflex  Tonus. — If»  however,  a  decapitated  frog  be  suspended  in  an  abnormal 
position,  we  observe,  after  section  of  the  sciatic  nerve,  or  the  posterior  nerve-roots 
on  one  side,  that  the  leg  on  that  side  hangs  limp,  while  the  leg  of  the  sound  side  is 
slightly  retracted.  The  sensory  nerves  of  the  latter  are  slightly  and  continually 
stimulated  by  the  weight  of  the  Umb,  so  that  a  slight  reflex  retraction  of  the  leg 
takes  place,  which  disappears  as  soon  as  the  sensory  nerves  of  the  leg  are  divided. 
If  we  choose  to  call  this  slight  retraction,  tonus,  then  it  is  a  reflex  tonus  (Brondgeest)* 
(See  the  experiments  of  Harless,  C.  Ludwig,  and  Cyon — ^p.  828). 

363.  Excitability  of  the  Spinal  Cord. 

Even  at  the  present  time,  observers  are  by  no  means  agreed  vrhether 
the  spinal  cord,  like  peripheral  nerves,  is  excitable,  or  whether  it  is 
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^Ustingoished  by  the  remarkable  pecniiaritj  that  meet  of  its  conducting 
paths  and  ganglia  do  not  react  to  dired  dedriecd  and  mecharUcai  stimnlL 

If  stiinuli  be  cautiously  applied  either  to  the  white  or  grey  matter,  there  U 
neither  movement  nor  Bensation  (Van  Deen,  1841,  Brown-S^uard,  Sohif^  Huianga, 
Sigm.  Mayer). 

In  doing  thif  experiment,  we  must  be  careful  not  to  stimulate  the  roots  of  the 
spinal  nerves,  as  these  respond  at  once  to  stimuli,  and  thus  may  give  rise  to 
movements  or  sensations.  As  the  spinal  cord  conducts  to  the  brain  impulses 
eommunicated  to  it  from  the  stimulated  poeterior  roots,  but  does  not  itself  respond 
to  stimuli  which  produce  sensations,  Schiff  has  applied  to  it  the  term  ''cBstheaodic.'" 
Further,  as  the  cord  can  conduct  both  voluntary  and  reflex  motor  impulses,  with- 
out however  itself  being  affected  by  motor  impulses  applied  to  it  directly,  he  calls 
it  *'  kinewdic."    Schiff 's  views  are  as  follows  :— 

1.  In  the  posterior  columns^  the  sensory  root  fibres  of  the  posterior 
root  which  traverse  these  columns  give  rise  to  painful  impressions,  but 
the  proper  paths  of  the  posterior  columns  themselves  do  not  do  so. 
The  proof  that  stimulation  of  the  posterior  column  produces  sensory 
impressions,  he  finds  in  the  fact  that  dilatation  of  the  pupil 
occurred  with  every  stimulation  (§  392).  Removal  of  the  posterior 
^lumn  produces  ansesthesia  (loss  of  tactile  sensation).  Algesia  [or 
sensations  of  pain]  remains  intact,  although  at  first  there  may  even  be 
hyperalgesia. 

2.  The  anterior  columns  are  non-excitable,  both  for  striped  and  non- 
striped  muscle,  as  long  as  the  stimuli  are  applied  only  to  the  proper 
paths  of  this  column.  But  movements  may  follow,  either  when  the 
anterior  nerve-roots  are  stimulated,  or  when,  by  the  escape  of  the 
current,  the  posterior  columns  are  affected,  whereby  reflex  movements 
are  produced. 

According  to  Schiff,  therefore,  all  the  phenomena  of  irritation,  which  occur  when 
an  unii^ured  cord  is  stimulated  (spasms,  contracture),  are  caused  either  by  simul- 
taneous stimulation  of  the  anterior  roots,  or  are  reflexes  from  the  posterior  columns 
Alone,  or  simultaneously  from  the  posterior  colunms  and  the  posterior  roots. 
Diseases  affecting  only  the  anterior  and  lateral  colunms  alone  never  produce 
symptoms  of  irritation,  but  always  of  paralysis. 

In  complete  anassthesia  and  apnosa,  every  form  of  stimulus  is  quite  inactive. 
According  to  Schiff's  view,  all  centres,  both  spinal  and  cerebral,  are  inexcitable  by 
artificial  means. 

Direct  Excitability. — Many  observers,  however,  oppose  these  views,  and  contend 
that  the  spinal  cord  is  excitable  to  direct  stimulation.  Fick  observed  movements  to 
take  place  when  he  stimulated  the  white  colunms  of  the  cord  of  a  frog,  iM>lated 
for  a  long  distance  so  as  to  avoid  the  escape  of  the  stimulating  currents. 
Biedermann  comes  to  the  following  conclusions :— The  transverse  section  of  a  motor 
nerve  is  most  excitable.  Weak  stimuli  (descending  opening  shocks)  excite  the  cut 
«ur£EU)e  of  the  transversely  divided  spinal  cord,  but  do  not  act  when  applied 
further  down.  Luchsinger  asserts  that,  after  dipping  the  anterior  part  of  a 
beheaded  snake  in  warm  water,  the  reflex  movements  of  the  upper  part  of  the 
cord  are  abolished,  while  the  direct  excitability  remains. 
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3L  BicitabDlty  of  tbe  Ta804&otor8.-— The  oa«>-am^r^^ 
prwseed  from  the  yaflo-motor  centre  and  ran  downwards  in  the  card,  are 
excitable  by  all  stimuli  along  their  whole  course;  direct  stimulation  of 
snj  transrerse  section  of  the  cord  constricts  all  the  blood-vessels  below 
the  point  of  section  (C.  Ludwig  and  Thiry).  In  the  same  way,  the 
fibres  which  ascend  in  the  cord,  and  increase  the  action  of  the  yaso- 
Biok>r  centre — fressor  fbres,  are  also  excitable  (G.  Ludwig  and  Dittmar — 
§  364,  10).  Stimulation  of  these  fibres,  although  it  affects  the  vaso- 
motor  centre  reflexly,  does  not  cause  sensation.  Schiff  maintainsy 
however,  that  these  are  not  the  direct  results  of  stimulation. 

4.  Chemical  StimulL — Such  as  the  application  of  common  salt,  or 
wetting  the  cut  surface  with  blood,  appear  to  excite  the  spinal  cord. 

5.  The  motor  centres  are  directly  excited  by  hlood  heated  above  40''^ 
or  by  asphyxiated  blood,  or  by  sudden  and  complete  ansomia  of  the 
cord  produced  by  ligature  of  the  aorta  (Sigm.  Mayer);  and  also  by 
certain  poisons — ^picrotoxin,  nicotin,  and  compounds  of  barium  (Luch- 
singer). 

Action  of  Blood  and  Poisons. — In  experimentB  of  this  kiod,  the  Bpiiial  €ord 
wight  to  be  divided  at  the  Ist  lumbar  vertebra,  at  least  20  hours  before  the 
experiment  is  begun.  It  is  well  to  divide  the  posterior  roots  beforehand,  to 
avoid  reflex  movements.  If  in  a  cat  thus  operated  on,  dyBpnoea  be  produced,  or  its 
Nood  overhecUedy  then  epaama,  eorUracUon  of  the  vtsaeU,  mid  aecretkm  of  sweat  oceur 
in  the  hind  limbs,  together  with  evacuation  of  the  contents  of  the  bladder  and 
rectum,  while  there  are  movements  of  the  uterus  and  the  vaa  drferena*  Some 
poisons  act  in  a  similar  manner.  In  animals  with  the  medulla  oblongata  divided, 
rhythmical  respiratory  movements  may  be  produced,  if  the  spinal  cord  has  been 
previously  rendered  very  sensitive  by  strychnin  or  overheated  blood  (P.  ▼. 
Bddtansky,  v.  Schroff-§  368). 

HypersBSthesia. — ^After  unilateral  section  of  the  cord,  or  even  only  of 
the  posterior  or  lateral  columns,  there  is  hyipercBsiliem  on  the  same  side 
bebw  the  point  of  section  (Fod^ra,  1823,  and  others),  so  that  rabbita 
shriek  on  the  slightest  touch.  The  phenomenon  may  last  for  three 
-weeks,  and  then  give  place  to  normal  or  sub-normal  excitability.  On 
the  sound  side  the  sensibility  remains  permanently  diminished.  A 
similar  result  has  been  observed  in  cases  of  injury  in  man.  An 
analogous  phenomenon,  or  a  tendency  to  contraction  in  the  musder 
below  the  section  (H^perkiTiesia),  has  been  observed  by  Brown-S6quard 
after  section  of  the  anterior  columns. 


364.  The  Conducting  Paths  in  the  Spinal  GorcL 

[Posterior  Boot — ^The  fibres  of  the  posterior  root  enter  the  cord  in 
three  bundles — (a)  the  inner  one,  or  internal  radicular  fascictdus  sweeps 
through  the  postero-extemal  column  to  enter  the  grey  matter.     It  La 
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ttappoeed  to  eonTey  the  impreasions  from  tendons^  and  those  for  touch 
aad  locality.  Hence,  when  this  column  is  diseased,  as  in  locomotor 
ataziay  the  deep  reflexes,  especially  the  patellar  tendon  reflex,  aim 
evfeebled,  or  it  may  be  abolished,  while  the  implication  of  the  fibres:  of 
tbe  internal  fasciculus  gives  rise  to  severe  pain,  (h)  The  outer  radicuUtp 
fibres  enter  the  grey  matter  of  the  posterior  horn,  and  are  supposed  tok 
convey  the  impressions  for  cutaneous  reflexes  and  temperature,  {i^ 
The  central  fibres  pass  directly  into  the  grey  matter,  and  are  supposed* 
to  conduct  painful  impressions  into  the  grey  matter.] 

1.  Localised  tactile  sensations  (temperature,  pressure,  and  Umh 
muscular  sense  impressions)  are  conducted  upwards  through  the  pe»» 
terior  roots  to  the  ganglia  of  the  posterior  comu,  and  lastly,  into  the 
posterior  cohmm  of  the  same  sida 

In  man,  the  oondncting  path  from  the  legs  run  in  Goll^s  oolmnn,  while  thoM 
for  the  arms  run  in  the  ground  bundle — ^Fig.  335  (Flechsig). 

In  rdbhits,  the  path  of  locaUsed  tactile  impressiozui  lies  in  the  lower  donaT 
re^jrion  in  the  lateral  columns  (Lndwig  and  Woroschiloff,  Ott  and  Meade  Smith). 

AjLSSthesia. — Section  of  individnal  parta  of  the  lateral  columns  abolishes  tie 
sensibility  for  the  parts  of  the  skin  connected  with  the  part  destroyed,  while  total, 
section  produces  the  same  result  for  the  whole  of  the  opposite  side  of  the  body 
below  the  section.  The  condition,  where  tactile  and  muscular  sensibility  is  lo8% 
is  known  as  ancBslhena, 

2.  Localised  voluntary  movements  in  man  are  conducted  on  th» 
same  side  through  the  anterior  and  lateral  columns  (^  358  and  369), 
in.  the  parts  known  as  the  pyramidal  tracts.  The  impulses  then  pass 
into  the  cells  of  the  anterior  comu,  and  fi:om  thence  to  the  correspond- 
ing- anterior  nerve-roots  to  the  muscles. 

The  exact  section  experiments  of  Ludwig  and  Woroschiloff  showed 
that^  in  the  lower  dorsal  region  of  the  raibiiy  these  paths  were  confined 
to  the  lateral  columns. 

Every  motor  nerve-fibre  is  connected  with  a  nerve-cell  in  tha 
anterior  horn  of  the  frog's  spinal  cord  (Gaule  and  Birge). 

Partial  section  of  one  lateral  column  abolishes  voltmtary  movement  iak. 
the  corresponding  individual  muscles  below  the  point  of  section.  It  is 
obvious  from  the  conduction  in  1  and  2,  that  the  lateral  columns  must 
increase  in  thickness  and  number  of  fibres  from  below  upwards  (St£U 
ling;  Woroschiloff)  [see  Fig.  331]. 

Tactile  (extensive  and  co-ordinated)  reflexes. — ^The  fibres  enter  bjr 
the  posterior  root^  and  proceed  to  the  posterior  comu.  The  groups  of 
ganglionic  cells,  which  control  the  co-ordinated  reflexes,  are  connectedi 
together  by  fibres  which  run  in  the  anterior  tntcts^  the  anterior  gromMi 
bundle  and  (f)  the  direct  cerebellar  tracta  (p.  840).  The  fibres  for  the' 
w>iiylftft  which  are  contracted  pass  from  the  motor  gangEa  outwazdar 
tftrou^  the  anterior  roots.  ^ 
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Inatazie  tabes  dortalis  or  locomotor  ataziay  there  la  m  degeneratloii  of  th« 

posterior  oolmniiB,  characteriaed  by  a  peculiar  motor  diatnrbanoe.  The  volnntary 
movemeDts  can  be  execnted  wi^  full  and  normal  yigonr,  but  the  finer  har- 
monioiu  adjnatments  •  are  wanting  or  impaired,  both  in  intensity  and  extent. 
These  depend  in  part  npon  the  normal  exiatence  of  tactile  and  mnacnlar  xm- 
preadons,  whoae  channels  lie  in  the  posterior  oolomna.  After  degeneration  of  the 
latter,  there  ia  not  only  anaratheaia,  bnt  also  a  diatnrbanoe  in  the  diachaige  of 
tactile  reflexea,  for  which  the  centripetal  arc  ia  interropted.  But  a  aimnltaneona 
leaion  of  the  aenaory  nerrea  alone  may  in  a  aimilar  manner  materially  inflnenoe 
the  harmony  of  the  movements,  owing  to  the  analgesia  and  the  diaappearanoe  of 
the  pathic  reflexes  (§  366).  Aa  the  fibres  of  the  posterior  root  traverse  the  white 
posterior  columns,  we  can  aocomit  for  the  disturbances  of  aensation  which 
characteriae  the  degenerations  of  these  parts  (Charcot  and  Pierret).  But  even  the 
posterior  roots  themselves  may  undergo  degeneration,  and  this  may  alao  give  riae 
to  diaturbancee  of  aenaation  (p.  828).  The  sensory  disturbances  usually  consist  in 
an  abnormal  increase  of  the  tactile  or  painful  sensations,  with  lightning  pains 
shooting  down  tiie  limbs,  and  this  condition  may  lead  on  to  one,  where  the  tactile 
and  painful  aenaationa  are  aboliahed.  At  the  same  time,  owing  to  stimulation  of 
the  posterior  columns,  the  tactile  sensibility  is  altered,  giving  rise  to  the  sensation 
of  formication,  or  a  feeling  of  constriction  ["  girdle  sensation"].  The  conduction  of 
aenaozy  impreaaiona  is  often  slowed  (p.  770).  The  aenaibility  of  the  muades,  joints, 
and  internal  parts  is  altered. 

The  maintenance  of  the  equilibriiun  is  largely  guided  by  the  impulses 
which  travel  inwards  to  the  co-ordinating  centres  through  the  sensory  nerves, 
special  and  general,  deep  and  superficial.  In  many  cases  of  locomotor  ataxia,  if 
the  patient  place  his  feet  close  together  and  close  his  eyes,  he  sways  from  side  to 
side  and  may  fall  over,  because  by  cutting  off  the  guiding  sensations  obtained 
through  the  optic  nerve,  the  other  enfeebled  impulses  obtained  from  the  skin  and 
the  deeper  structures  are  too  fioeble  to  excite  proper  co-ordination. 

4.  The  inhibition  of  tactile  reflexes  occuib  through  the  anterior 
columns;  the  impulses  pass  from  the  anterior  column  at  the  corre- 
sponding level  into  the  grey  matter,  where  they  form  connections  with 
the  reflex  conducting  apparatus. 

5.  The  conduction  of  painful  impressions  occurs  through  the  pos- 
terior roots,  and  thence  through  the  whole  of  the  grey  matter. 
There  is  a  partial  decussation  of  these  impulses  in  the  cord,  the 
conducting  fibres  passing  from  one  side  to  the  other.  The  further 
course  of  these  fibres  to  the  brain  is  given  in  §  365. 

The  experiments  of  Weiss  on  dogs,  by  dividing  the  lateral  column  at  the  limit 
of  the  dorsal  and  lumbar  regions,  showed  that  each  lateral  column  contains  sensory 
fibres  for  both  sides.  The  chief  mass  of  the  motor  fibres  remains  on  the  same  side. 
Section  of  both  lateral  columns  abolishes  completely  sensibility  and  motility  on 
both  sides.  The  anterior  columns  and  the  grey  matter  are  not  sufficient  to  main- 
tain these.  If  all  the  grey  matter  be  divided,  except  a  small  connecting  portion, 
this  is  sufficient  to  conduct  painful  impressions.  In  this  case,  however,  the  con- 
duction is  slower  (Schiff ).  Only  when  the  grey  matter  is  completely  divided  is 
the  conduction  of  painful  impressions  from  below  completely  interrupted.  This 
gives  rise  to  the  condition  of  analgesia,  in  which,  when  the  posterior  columns 
are  still  intact,  tactile  impressions  are  still  conducted.  This  condition  is  some- 
times observed  in  man  during  incomplete  narcosis  from  chloroform  and  morphia 
CThiersch).    These  poisons  act  sooner  on  the  nerves  which  administer  to  painful 
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sensatioiiB  tluui  on  those  for  tactile  impresaioiiB,  so  that  the  person  operated  on  iM 
oonscions  of  the  contact  of  a  knife,  but  not  of  the  painful  sensations  caused  by  the 
knife  dividing  the  parts. 

IrradiatioiL  of  Pain.— As  painfol  impressions  are  conducted  by  the  whole  of 
the  grey  matter,  and  as  the  impressions  are  more  powerful  the  stronger  the  pain- 
ful impression,  we  may  thus  explain  the  so-called  irradiation  of  painful  impres- 
sions.  During  violent  pain,  the  pain  seems  to  extend  to  wide  areas;  thus,  in 
violent  toothache,  proceeding  finom  a  particular  tooth,  the  pain  may  be  felt  in  the 
whole  jaw,  or  it  may  be  over  one  side  of  the  head. 

6.  The  conductioii  of  spasmodic)  inYOlnntary,  nnco-ordinated  move- 
ments takes  place  through  the  grey  matter,  and  from  the  latter 
through  the  anterior  roots. 

It  occurs  in  epilepsy,  in  poisoning  with  strychnin,  in  nrffimic  poisoning,  and 
tetanus  (§  360,  11.).  The  anaemic  and  dyspnoeic  spasms  are  excited  in  and  con- 
ducted from  the  medulla  oblongata,  and  are  communicated  through  the  whole  of 
the  grey  matter. 

7.  The  conduction  of  extensive  reflex  spasms  takes  place  from  the 
posterior  roots  to  the  ganglia  of  the  posterior,  and  then  to  the  anterior 
comu,  and,  lastly,  into  the  anterior  roots,  under  the  conditions  already 
referred  to  in  §  360, 11. 

8.  The  inhibition  of  pathic  reflexes  occurs  through  the  anterior 
columns  downwards,  and  then  into  the  grey  matter  to  the  connecting 
channels  of  the  reflex  organ,  into  which  it  introduces  resistance. 

9.  The  vaso-motors  nm  in  the  lateral  columns  (Dittmar),  and,  after 
they  have  passed  into  the  ganglia  of  the  grey  matter  at  the  corre- 
sponding level,  they  leave  the  spinal  cord  by  the  anterior  roots.  They 
reach  the  muscles  of  the  blood-vessels  either  through  the  paths  of  the 
spinal  nerves,  or  they  pass  through  the  rami  communicantes  into  the 
sympathetic,  and  from  thence  into  the  visceral  plexuses. 

Section  of  the  spinal  cord  paralyses  aU  the  vaso-motor  nerves  below  the  point  of 
section;  while  stimulation  of  the  peripheral  end  of  the  spinal  cord  causes  con- 
traction of  aU  these  vessels. 

10.  Pressor  fibres  enter  through  the  posterior  roots,  run  upwards 
in  the  lateral  columns,  and  undergo  an  incomplete  decussation  (C. 
Ludwig  and  Miescher). 

They  ultimately  terminate  in  the  domincUing  vaso-motor  centre  in  the  medulla 
oblongata,  which  they  excite  reflexly.  Similarly,  depressor  fibres  must  pass  up- 
wards in  the  spinal  oord,  but  we  know  nothing  as  to  their  course. 

11.  From  the  respiratory  centre  in  the  medulla  oblongata^  respiratory 
nerves  run  do¥mwards  in  the  lateral  columns  on  the  same  side,  and 
without  forming  any  connections  with  the  ganglia  of  the  anterior  comu 
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(f)  pass  throngfa  the  anterior  roots  into  the  motor  nerves  of  the 
respiratory  mnscles  (Schi£f). 

Uiiilaitenl,  or  total  dcstnictioii  of  the  ephud  oosd,  tho  higher  up  it  ia  dane* 
Mmrdingl J  panJyiee  more  and  more  of  the  respiratory  nerves,  on  the  same  or  on 
bothsides.  Sectioiiof  the  eordaboTe  the  origin  of  the  phrenic  nerves  cansea  deaths 
osrisg  to  the  pandyss  of  these  nerves  of  the  dii4>hragm  (p.  236). 

In  pathologic&l  cases,  in  degeneration  of,  or  direct  injury  to,  the  spinal  cord 
or  its  individual  parts,  we  must  be  careful  to  observe  whether  there  may  not  be 
present  simultaaeoiialy  paraijrtto  and  irritative  phenomena,  whereby  the  aymptoms 
obscured. 


[Complete  transTerse  section  of  the  cord  results  in  complete  paralysis 
of  motion  and  sensation  in  all  the  parts  supplied  by  nerves  below  the 
seat  of  the  injury,  although  the  muscles  below  the  injury  retain  their 
normal  trophic  and  electrical  conditions.  There  is  a  narrow  hyperseik 
thetic  area  at  the  upper  limit  of  the  paralysed  area,  and  when  this 
occurs  in  the  dorsal  region,  it  gives  rise  to  the  feeling  of  a  belt  tightly 
drawn  round  the  waist,  or  the  **  girdle  sensation.''  There  is  also  vaso- 
motor paralysis  below  the  lesion,  but  the  blood-vessels  soon  regain  their 
tone  owing  to  the  subsidiary  vaso-motor  centres  in  the  cord.  The 
remote  effects  come  on  mnch  later,  and  are  secondary  descending 
degeneration  in  the  crossed  and  direct  pyramidal  tracts  and  ascending 
degeneration  in  the  postero-intemal  columns  (Fig.  336).  According 
to  the  seat  of  the  lesion,  the  functions  of  the  bladder  and  rectum  may 
be  interfered  with.  Injury  to  the  upper  cervical  region  sometimes 
causes  hyperpyrexia.] 

[Unilateral  section  results  in  paralysis  of  voluntary  motion  in  the 
muscles  supplied  by  nerves  given  off  below  the  seat  of  the  injury^ 
although  the  muscles  do  not  atrophy,  but  when  secondary  descending 
degeneration  occurs,  they  become  rigid,  and  exhibit  the  ordinary  signs 
of  contracture.  There  is  vaso-motor  paralysis  on  the  same  side,  below 
the  injury,  while  the  ordinary  and  muscular  sensibility  are  diminished 
on  both  sides.  There  is  bilateral  aneesthesia,  although  it  is  most 
marked  on  the  opposite  sida  The  sensory  nerves  decussate  shortly 
afber  they  enter  the  cord,  hence  the  anssthesia  on  the  opposite  side, 
but  they  do  not  cross  at  once,  but  run  obliquely  upwards  before  they 
enter  the  grey  matter  of  the  opposite  side,  so  that  a  unilateral  section 
will  involve  some  fibres  coming  from  the  same  side,  and  hence  the 
slightly  diminished  vnaibility  on  the  same  side.  There  is  a  narrow 
hypersesthetic  area  on  the  same  side  as  the  lesion,  at  the  upper  limit  of 
paralysed  cutaneous  area,  due  perhaps  to  stimulation  of  the  cut  ends  of 
the  sensory  fibres*  on  that  side.  The  remote  efiects  are  due  to  the 
usual  de8oen<£ng*and  aseending  degeneratioii  which  set  in.] 


The   Brain. 


365.  Qeneral  Schema  of  the  Brain. 


1b  an  orgna  ao  complicated  in  its  Btmcture  aa  the  brain,  it  is  necessary  to  have 
atfeoeral  yUtw  of  the  chief  arrangements  of  its  individual  parts.  Meynert  gave  m 
plan  of  the  general  arrangement  of  this  organ,  and,  although  this  plan  may  not  b& 
quite  oorreot^  still  it  is  useful  in  the  study  of  brain  function. 

The  mean  weight  of  the  brain  in  man  is  about  1,358  grammes ;  of  woman,  1,220 

(Biachoff)- 


[StnLetnre  of  the  Cerebmin. — ^In  the  cerebrum  the  grey  matter  (cortex) 
is  outside,  and  it  invests  the  white  matter  within.  On  making  a  vertical 
section  of  a  cerebral  convolution,  it  is  seen  to  consist  of  the  following 
liqreTB  (Fig.  339^  after  Meynert).  It  is  covered  on  its  surface  by  the 
pia  mater — (1)  the  most  superficial  layer  consists  of  much  neurogleia,  a 
net-work  of  branched  nerve-fibrils,  and  a  few  scattered  small  multipolar 
nerve-cells ;  (2)  a  layer  of  close-set,  small  pyramidal  nerve-cells ;  (3)  the 
dickest  layer  or  formation  of  the  comu  ammonis,  consisting  of  several 
layers  of  large  pyramidal  ganglionic  cells,  which  are  larger  in  the 
deeper  layers.  Each  cell  is  more  or  less  pyramidal  in  shape,  giving  off 
sefveral  processes,  (a)  an  apical  process,  which  is  often  very  long,  and  runa 
towards  the  surface  of  the  cerebrum,  where  it  is  said  to  terminate  in 
an  ovoid  corpuscle,  closely  resembling  those  in  which  the  ultimate 
branches  of  Purkinje's  cells  of  the  cerebellum  end.  (h)  The  unbranched 
median  basilar  process,  which  is  an  axial  cylinder  process,  and  becomes 
continuous  with  the  axial  cylinder  of  a  nerve-fibre  of  the  white  matter. 
It  ultimately  becomes  invested  by  myelin,  (c)  The  laieral  processes  are 
given  off  chiefly  near  the  base  of  the  cell,  and  they  soon  branch  to  form 
part  of  the  ground  plexus  of  fibrils  which  everywhere  pervades  the  grey 
matter.  (4.)  A  narrow  layer  of  numerous  small  branched,  irregular, 
ganglionic  cells — ^the  ''  granular  forvruxtim  "  of  Meynert  (5.)  A  layer  of 
flpindle>fihaped  branched  cells — ^the  daustral  formation  of  Meynert,  lying 
for  the  most  part  parallel  to  the  surface  of  the  convolution.  Then 
follows  the  white  matter  (m),  consisting  of  medullated  nerve-fibres^ 
which  run  in  groups  into  the  grey  matter,  where  they  lose  their 
myelin.  The  fibres  are  somewhat  smaller  than  in  the  other  parts  of  the 
nervous  system  (diameter  YXfhru  i^<^h)*  Each  cell  is  surrounded  by  a 
lymph-space,  as  in  those  of  the  cord.] 
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.  V 


[Although  the  ftbove  descripti<m 
inditmtea  the  typickl  mmogameii^ 
(till  ths  gray  nuttM'  differ*  in 
difCereiit  parta  of  the  bnin.  In 
tlie  grey  mattar  of  the  oonin 
unnioDu  the  large  pTramidal  oella 
(3)  DUkke  ap  Uie  chief  maM,  in  the 
clanatrDm  (4)  ia  moat  abundaiit, 
while  in  part  of  the  ocdpit*!  lobea 
the  granular  foTmation  ia  very 
thick.] 

[Blood -Vet»l«.  — The  gtey 
matteT  ia  much  more  vaaoolar 
than  the  white,  and  yrbea  injeoted 
a  sectioD  of  a  oonvolntion  preauita 
the  appearance  shown  in  Fig.  340, 
after  Dnret  The  nutritive  arteries 
conaiet  of — (a)  tha  long  medullary 
arteria  (Fig.  340,  I),  which  pMa 
from  the  pia  mater  throngh  Qm 
grey  matter  into  the  central  white 
matter  or  centram  ovale.  They 
are  terminal  arteriea,  and  do  not 
conunQuicate  with  each  other  in 
their  courae;  they  thoa  anpply 
independent  vaacnlar  areaa,  nor  do 
they  anaitomoae  with  aoy  of  the 
arteries  derived  from  the  gangli- 
onic ayatem  of  blood-vesBela;  12-15 
of  them  are  seen  a  section  of  a 
convolation.  (i.)  The  short  cortical 
nutritive  arteriea  (Fig.  340,  2}  are 
smaller  and  ahorter  than  the  fore- 
going. Although  some  of  them 
enter  the  white  matter,  they 
chiefly  supply  the  cortex,  where 
they  form  an  opeu  meahed  plexoa 

Fig.  339. 
Vertical  section  of  the  third  cere- 
bml  convolution  of  man  —  1, 
I^yer  of  scattered  small  cor- 
tical corpnadet;  2,  layer  of 
close -set  small  pyramidal  oor- 
tical  corpnsdea ;  3,  layer  of 
large  pyrunidal  oorpnsclea 
(formation  of  the  cornn  am- 
nonis);  4,  layer  of  am^ 
close-set  irregalarly  shaped 
oortiaal  corpnsdea  (granule- 
like  formation];  6,  layer  of 
fnnform  cortical  oorpnsclea 
(daustral  fbrmatioi);  m,  the 
medullary  lamina. 


BLOOD-VESSEIf  OF  THK  CERXBRUH. 


In  the  Snt  Uyer  (a),  while  in  the  next  Uyer  (£)  the  plex 
the  ^«xiu  a^n  bdng  -wider  in  the  inner  laTen  (c)] 


Fig.  340. 
1,  1,  medDll&r;  arteries ;  1 ',  1',  group  of  mednllary  arteries  between  the  convola- 
Uana ;  2,  2,  2,  arteries  of  the  cortex  cerbri ;  a,  large  meshed  plexus  in  first 
layer;  b,  closer  plexna  in  midiUe  layer  ;  c,  opener  plexus  in  the  grey  matter 
next  the  white  eabetonce,  with  its  vessels  (tj)— (after  Dizret.) 

[CeutTftl  or  Gttl^lionic  Arteries-— From  the  tmnks  constitnting  the  circle  of 
WilliB  (Fig.  in  g  3S1},  branohes  are  given  off,  which  pass  upwards  and  enter  the 
brain  to  tnpply  the  basal  ganglia  with  blood.  They  are  arranged  in  several 
gronpi,  but  they  are  all  ttrntinal,  each  one  supplying  its  own  area,  nor  do  they 
anastomose  with  the  arteries  of  the  cortex.] 

Keyaert'a  Projectioil  Syitemg. — Tbecortexof  the  cerebmmconsiata  of  convo- 
lutions and  sulci,  the  "  ptripkeral  grey  matler  "  (Fig.  311,  C),  which  is  recogniaed 
aa  a  uervotu  atroctnre  from  the  presence  of  numerous  ganglionia  celli  in  it 
<S  3ES,  1).  From  it  proceed  all  the  motor  fibres  which  are  excited  by  the  wiD, 
and  to  it  proceed  all  the  fibres  coming  from  the  organs  of  special  sense 
and  aeniOTy  organs,  which  give  rise  to  the  psychical  perception  of  external 
impreasioiu. 

[In  Fig.  341  the  decussation  of  the  sensory  fibres  is  represented  aa  occurring 
near  the  mednlla  oblongata.  It  is  more  probable  that  a  large  nnmber  of  the 
Btamay  fibrea  decussate  shortly  after  they  enter  the  cord,  as  is  represented  in 
Fig.  343.  Some  obaerms  aeiert  that  some  of  the  sensory  fibres  deoiusate  in 
the  medoUa  oblongata.] 

Fint  Prqjectioa  STStem.— The  channels  lead  to  and  from  the  cortex  cerebri, 
•ome  of  them  traversing  the  batal  ganglia,  or  ganglia  of  the  cerebrum — the  corpna 
•triatnin  {O,  »),  Imticnlar  naalens  {If,  I)>  opidc  thalamus  {T,  o],  and  corpora 
qoadrlgemina^-aome  fibres  form  connections  with  cells  within  this  central  grey 
matter.  The  fibre*  irtuch  proceed  from  the  oortex  through  the  corona  radiata  in 
a  radiate  direction  cooitftate  Jlfeynerl'«  Jinl  projection  tyiltm.    Bendea  theae,  th* 


Fig.  841. 

S,  SolMtne  of  tbe  brain— C,  C,  cortex  cerebri  ;  C,  «,  corptu  strUtniD ;  N,  I,  nnolfln 
lenticiilaru ;  T,  o,  opdc  thalamus ;  v,  corpora  qnadrigemina ;  P,  psdoDcnlaa 
cerebri ;  H,  tegmentoni ;  and  p,  cmtta ;  1,  1,  corona  radiata  of  tte  «irput 
■triatnm ;  2,  2,  of  the  lenticular  nadeat ;  3,  3,  of  the  optic  tholamni ;  4,  4,  of 
tite  OMpora  qnadrigemina ;  6,  direct  fibre*  to  the  ooitez  cerebri  (nechsig) ; 
9,  8,  fibres  from  the  corpora  qnadrigemina  to  the  tc^nifi^ni ;  "*>  fnrtbv 
conne  of  theae  fibres ;  8,  8,  fibre*  from  the  corpus  striatum  and  lonlaeular 
nnclens  to  the  cnista  of  the  penduDcnlns  oerebri ;  M,  further  ooarM  of  theae ; 
S,  3,  ixnirse  of  the  sensorj'  fibres ;  R,  transverse  MCtiou  of  the  sjanal  cord ; 
«,  W,  anterior,  and  A,  W,  posterior  roots  ;  a,  a,  aasociation  aysteB  of  fibres ; 
e,  c  oommissnral  fibres.  II,  Transverse  section  through  tbe  posterior  pair  of 
the  ooipora  qnadrigeniina  and  the  peduncnli  oerebri  of  num— p,  cmata  of  ifce 
peduncle ;  *,  substantia  nigra ;  e,  corpora  qnadriganuna,  with  a,  seotkn  «f  tite 
•qnadnot.  lU,  The  aame  of  the  dog ;  IV,  of  an  «^ ;  V,  of  tiie  gnijiw  ijig 
I^  p.  863.3 


FBaJBCHON  SYSTEMS  OF  AfSTmRT.  &W 

^MisB  BCifaBtaiiee  alio  contuiiB  two  other  systems  of  fibres :— (a)  CmnmiaturcLl  JSbres, 
jntch  as  the  corpns  caJlosum  and  the  anterior  oommiasiire  (c,  e),  which  are  supposed 
to  coDneot  the  two  henuspheree  with  each  other ;  and  (b)  a  cmmecUng  or  cusodaUan 
system,  whereby  two  different  areas  of  the  same  side  are  connected  together  {a,  a). 
The  ganglionic  grey  matter  of  the  basal  ganglia  forms  the  first  stage  in  the  conrse 
of  a  lafge  number  of  iHie  fibres.  When  they  enter  the  central  grey  matter  they 
«Ee  irUenrupUd  in  their  course.  According  to  Meynert,  the  corona  radiata 
eontains  bundles  of  fibres  firom  the  corpus  striatum,  lenticular  nucleus,  optic 
thalamus,  and  corpora  quadrigemina. 

Tha  second  proJ6CtiOIl  system  consists  of  longitudinal  bundles  of  fibres 
vhich  proceed  dovniwards  and  reaches  the  so-called  "central  tubular  grey  matter,** 
which  is  the  ganglionic  grey  matter  reaching  from  the  3rd  ventricle  through  the 
aqueduct  of  Sylvius,  and  the  medulla  oblongata,  to  the  lowest  part  of  the  grey 
matter  of  the  spinal  cord.  It  lines  the  inner  surface  of  the  medullary  tube.  It 
is  the  second  stage  in  the  course  of  the  fibres  extending  from  the  bssal  ganglia 
to  the  central  tubular  grey  matter.  The  fibres  of  this  system  must  obviously  vary 
greatly  in  length. 

With  regard  to  the  special  distribution  of  the  fibres  of  this  system, 
it  is  assumed  that  the  fibres  descending  from  the  lenticular  nucleus 
and  corpus  striatum  (8,  8)  are  collected  into  a  special  group,  which 
course  downwards  through  the  upper  part  of  the  cmsta  of  the  cerebral 
peduncle  into  the  medulla  oblongata,  or  only  as  far  as  the  pons 
(nechsig).  In  the  same  way  a  bundle  proceeds  from  the  thalamus 
(7),  and  also  from  the  quadrigemina  (6,  6)  which  descends  through  the 
tegmentum  (H)  of  the  cerebral  peduncle.  Both  groups  of  fibres — those  in 
the  tegmentum  as  well  as  those  in  the  crusta,  unite  below  in  the  spinal 
cord.  The  channels  which  run  in  the  cru^  are,  according  to  Meynert, 
those  for  conducting  the  impulses  that  result  in  voluntary  rnovements. 
According  to  Meynert,  all  the  motor  fibres  pass  through  the  lenticular 
nucleus  and  the  corpus  striatum,  so  that  destruction  of  these  channels 
causes  hemiplegia,^  i,e.,  paralysis  of  voluntary  movements  on  the  opposite 
«ide  of  the  body. 

According  to  Wernicke,  however,  the  lenticular  nucleus  and  the 
caudate  nucleus  are  not  parts  of  the  brain  into  which  the  fibres  of  the 
corona  radiata  pass  from  the  brain;  they  are  rather  independent  parts, 
analogous  to  the  cortex  itself,  from  which  fibres  proceed.  These  fibres 
enter  the  tegmentum,  where  they  lie  in  relation  with  those  fibres 
which  proceed  from  the  optic  thalamus  and  corpora  quadrigemina.  - 

The  fibres  which  proceed  from  the  thalamus  and  corpora  quadri- 
gemina (6,  6  and  7)  through  the  tegmenhimy  constitute  Meynert's  refleas 
channels,  so  that  these  grey  masses  are  the  centres  for  certain  extensive 
co-ordinated  reflexes.  Mammals,  after  the  destruction  of  the  voluntary 
motor  paths,  still  retain  the  power  of  executing  very  complex  move- 
ments, so  far  as  these  depend  on  reflex  discharges.  These  fibres  run 
downwards  in  the  cruE  on  the  same  side  (m),  «nd  voqr  probably  cross 
in  the  spinal  cord  itself 
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The  Third  Afttjeetion  ^Itnn.— LmU;,  from  the  oeatnl  tubular  gny  mtttar 
tliBTa  prooeeda  the  third  ■jstem,  or  the  peripheral  nereet,  motor  and  •eoKoy, 
They  Me  more  nnmetoiu  thioi  the  fibre*  of  the  woond  ayBtem. 
The  Cerebellum  and  ite  Oonneotioiu.— The  cereb«llDm  hw  grey  nuitter  m 
■nrfooe,  and  alio  In  the  form  of  Mattered  gtej  mM»e*  fn  ita  interior,  anoh  aa 
the  earpat  denlaiiim.     It  i«  crainected  with  the  cerebmm— (1)  by  meaiu  of  the 
pcoeetnu  »  cerebello  ad  tettea  for  anperior  peduncle*]  (Fig.  3^}.     It  oonaiBta 
of  fibres  front  the    corona 
radiata  which  paaa  into  the 
tegmentam,  and,  after  com- 
plete decussation,  past  into 
the    cerebelliun ;    (2)    ths 
crnra  cerehelli  ad    pontan 
[or  middle  pednnclej,   and 
from  the  pons  throngh  the 
padande  of  the   oerebrum 
to  the  hemispheres. 

The  oerebellan  is  also 
emmected  with  the  ipinaZ 
oord— (1)  with  ita  potlerior 
eolvmn  (fhnicnlus  onneataa 
and  gracilia);  aod  (2)  with 
its  anterior  colvmn  (by  the 
reatiform  body]  [inferior 
pednnctes].  Both  halvea  of 
the  cerebellum  are  nnited 
hy  the  large  < 
View  of  the  floor  of  the  fourth  ventricle  and  the     ■^'^*'  °^  **""  P 


Fig.  342. 


,  we  have  to  con- 
sider eerd/ro-ipinal  and  aert- 
beHo-ipmal  tracU.] 

Cerebral  ArteriBi. 
— From  a  practical  point  of 
view,  the  distribution  of 
the  blood  -  vessels  of  the 
brain  is  important.  Tha 
artery  of  the  Sylvian  fiunre 
supplies  the  motor  areaa  of 
the  brain  in  animals;  in 
man,  the  preeentral  lobule 
is  supphed  by  a  branch  of 
the  anterior  cerebral  artery 
(Dnrat).  The  r^ion  of  the 
third  left  frontal  convolution,  which  Js  connected  with  the  function  of  speech,  is 
supplied  by  a  special  branch  of  the  Sylvian  artery.  Those  areas  of  the  frontal 
lobes,  whose  iqjiiry  results  in  disturbance  of  the  inteUigenoe  (Ferrier),  are  supplied 
by  the  anterior  oerebral  artery.  Those  regions  of  the  cortex  cerebri,  whose  iiyniy, 
according  to  Ferrier,  cauaea  hemian»tthesia,  are  supplied  by  the  posteriot  cerebral 

Conree  of  the  Volnstaii;  Motor  Fibres. — The  conree  of  the  fibres 
which  convey  impolBeB  for  Toluntary  moUon,  the  psychomotor,  or  "cortico- 
mOBCular"  fibres,  proceed  from  the  motor  regions  (§  376,  376, 1.)  of  the 
cerebrum  ae  follows  (Charcot,  Flecheig): — For  motor  nerves  proceeding 


connections  of  the  cerebellnm.     On  the  left  side 
the  three  cerebellar  peduncUa  have  been  cut 
short ;  on  the  right  side  the  ooiuiections  of  the 
superior  and  inferior  pedonoles  have  been  pre. 
served,  while  the  middle  one  has  been  cut  short 
^1,  median  groove  of  the  fourth  ventricle  with 
the  fasciculi  teretea;  2,  the  same  groove  with 
the  striffi  of  the  anditory  nerve  on  each  s' ' 
emerging  from  it ;  3,  inferior  peduncle  or  rei 
form   body ;  4,   posterior  pyramid  and  clava, 
with  the   calamus    scriptorins    above  it; 
superior  peduncle;  6,   fillet  to  the  side  of  t! 
crura  cerebri;  7,  lateral  grooves  of  the  cru 
cereini;  8,  corpora  quadrigemlna. 
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Fig.  343. 


Diagnun  of  a  spinal  segment  as  a  spinal  centre  and  conducting  medium— B>  right, 
B',  left  cerebral  hemisphere;  MO,  lower  end  of  medulla  oblongata;  1,  motor 
tract  from  the  right  nemisphere,  the  larger  part  decussating  at  MO,  and 
passing  dovni  the  lateral  column  of  the  cord  on  the  opposite  side  to  the 
muscles  M  and  M';  2,  motor  tract  from  the  left  hemisphere ;  S,  S',  sensitive 
areas  on  the  left  side  of  the  body;  3',  3,  the  main  sensory  tract  from  the  left 
side  of  tilie  body.  It  decussates  shortly  after  entering  the  cord.  S^  S', 
sensitive  areas,  and  4',  4,  tracts  fh>m  the  right  side  of  the  body.  The  arrows 
indicate  the  direction  of  the  impulses  (Bramwell).  [Here  aU  the  sensory 
fibres  are  shown  as  crossing  the  cord.] 

23 
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firom  the  spinal  cord,  the  motor  fibres  from  the  brain  pass  as  the 
*' pyramidal  tracts"  (§§  359,  364)  through  the  anterior  two-thirds  of  the 
internal  capsule,  then  throngh  the  crusta  of  the  peduncle  of  the  cere- 
brum, through  the  middle  part  of  the  under  free  circumference  of  the 
crusta,  and  through  the  pons  on  the  same  side  to  the  anterior  pyramid 
of  the  medulla  oblongata.  H^:^  the  greater  part  of  the  fibres  crosses  at 
the  decussation  of  the  pyramids  to  the  opposite  side,  where  they  run 
downwards  in  the  lateral  column  (as  the  crossed  pyramidal  tracts)  to  the 
level  of  the  spinal  cord,  from  whence  the  anterior  nerve-roots  for  the 
muscles  proceed.  Before  the  fibres  pass  into  the  anterior  root,  they 
always  first  form  connections  with  the  multipolar  nerve-cells  of  the 
anterior  comu,  which,  in  fact,  are  introduced  into  the  course  of  the 
conducting  paths.  A  small  part  of  the  pyramidal  tracts  does  not  cross  in 
the  pyramids — the  direct  pyramidal  tract — and  descends  on  the  same 
aide  in  the  anterior  columns  of  the  spinal  cord,  as  the  direct  pyramidal 
tract,  or  the  antero-intemal  column,  and  it  remains  upon  the  same 
side.  These  fibres,  perhaps,  supply  those  muscles  of  the  trunk  (e.g.^ 
respiratory,  abdominal,  and  perineal),  which  always  act  together  on 
both  sides.  According  to  other  observers,  however,  they  cross  to  the 
other  side  of  the  cord  through  the  anterior  white  commissure,  and 
descend  in  the  crossed  pyramidal  tract  or  pyramidal  tract  of  the  lateral 
column.  The  largest  number  of  the  crossed  fibres  pass  to  the  motor 
nerves  of  the  extremities. 

[The  motor  tract  for  voluntary  impulses,  say  firom  the  motor  area  of 
the  right  hemisphere,  is  through  the  anterior  part  of  the  internal 
capsule,  middle  third  of  the  crusta,  pons,  and  medulla  of  the  same  side, 
where  the  greater  part  crosses  to  the  left  lateral  column,  then  to  the 
cells  of  the  left  anterior  comu,  and  from  thence  to  the  left  anterior 
nerve-roots.] 

In  their  passage  through  the  brain,  the  paths  for  direct  motor  impulses  are  not 
interrupted  anywhere  in  their  course  by  ganglion  cells,  not  even  in  the  corpus 
striatum  or  pons.     They  pass  in  a  direct  uninterrupted  course. 

There  are  variations  as  to  the  number  of  fibres  which  cross  at  the  pyramids 
(Flechsig).  In  some  cases  the  usual  arrangement  is  reversed,  and  in  some  rare 
instances  there  ^s  no  decussation,  so  that  the  pyramidal  tracts  from  the  brain 
remain  on  the  same  side.  In  this  way  we  may  explain  the  very  rare  cases  where 
paralysis  of  the  voluntary  movements  takes  place  on  the  same  side  as  the  lesion  of 
the  cerebrum  (Morgagni,  Pierret).  [Usually,  about  90  per  cent,  of  the  fibres 
decussate.] 

The  motor  cranial  nerves  have  the  centres  through  which  they  are 
excited  voluntarily,  in  the  cortex  cerebri  (§  378).  The  paths  for  such 
voluntary  impulses  also  pass  through  the  internal  capsule  and  the 
crusta  of  the  pedunde,  where  they  lie  in  front  of,  and  internal  to^  the 
pyramidal  tracts  (Flechsig).     Their  course  is  then  directed  towards 
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their  nucleus,  but  this  course  is  but  little  known.  The  hypoglossal 
nerve  runs  with  the  pyramidal  tracts,  and  behaves  like  the  anterior 
root  of  a  spinal  nerve  (§§  354,  357). 

Course  of  the  Channel  for  Cutaneous  Sensibility. — From  the  cortical 
centre  for  cutaneous  sensibility  (the  parietal  area  extending  from 
the  sulcus  precentralis  to  the  anterior  margin  of  the  occipital  lobe^ 
the  conducting  paths  run  through  the  posterior  third  of  the  internal, 
capsule,  which  Charcot  has  called  "  carrefour  sensitiv"  between  the- 
pyramidal  tracts  and  the  outer  bend  of  the  knee  in  the  internal  cap- 
sule ;  they  then  enter  the  tegmerUum  of  the  peduncle,  and  are  continued 
through  the  pons  (Flechsig).  With  reference  to  the  connection  of 
this  point  with  the  sensory  posterior  roots,  it  is  important  to  remem- 
ber that  the  posterior  columns  of  the  cord,  which  carry  a  part  of  the 
posterior  nerve-roots,  pass  into  the  grey  nuclei  of  the  funiculi  graciles- 
and  cuneati  at  the  upper  end  of  the  cord.  From  here  they  (greater 
part)  decussate  in  the  upper  decussation  of  the  pyramids,  and  thus  reach 
the  portion  of  the  pons  and  tegmentum  already  mentioned.  Somo 
sensory  fibres  also  run  upwards  in  the  cord  in  the  mixed  lateral  tracts 
(Fig.  335,  «,  g), 

A  part  of  the  sensory  fibres  from  the  skin,  however,  decussates  in  the 
spinal  cord,  and  thus  passes  to  the  opposite  side  of  the  cord  (Fig.  343). 
Hence,  unilateral  section  of  the  spinal  cord  in  man  (and  monkey — Ferrier) 
abolishes  sensibility  on  the  opposite  side  below  the  lesion ;  still  the 
muscular  sensibility  remains  intact.  There  is  hypersesthesia  (§  363)- 
of  the  parts  below  the  seat  of  the  section  on  the  side  of  the  injury. 

From  experiments  on  mammals,  Brown-S^quard  concludes  that  the^ 
decussating  sensory  nerve-fibres  pass  to  the  opposite  side  within  tho^ 
cord  at  different  levels;  the  lowest  being  the  fibres  for  touch,  then 
those  for  tickling  and  pain,  and,  highest  of  all,  those  which  administer- 
to  sensations  of  temperature. 

[Sensory  impulses  passing  into  the  cord,  say  by  a  right  posterior 
nerve-root,  may  pass  to  the  cerebrum  or  cerebellum.  If  to  the  latter^ 
the  course  probably  is  partly  to  the  left  direct  cerebellar  tract  and 
posterior  column  to  the  restiform  body,  and  then  to  the  cerebellum^ 
If  to  the  cerebrum,  they  cross  in  the  cord  to  the  left  lateral  colunm,. 
and  also  ascend  in  the  grey  matter  to  pass  upwards  in  the  left 
tegmentum  into  the  posterior  third  of  the  internal  capsule  to  the* 
posterior  cerebral  convolutions.  Some  may  pass  through  the  optia- 
thalamus  (1)  to  reach  the  cerebrum.] 

All  the  fibres,  therefore,  wliich  connect  the  spinal  cord  with  the 
grey  matter  of  the  brain,  undergo  a  complete  decussation  in  their 
course.  Efence,  in  man  a  destructive  affection  of  one  hemisphere 
usually  causes  complete  motor  paralysis,  and  loss  of  sensibility  on  the 
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cgpoaUe  side  of  the  body.    The  fibres  proceeding  from  the  nuclei  of 
origin  of  the  cranial  nerves  also  cross  within  the  cranium. 

Not  mifreqaently  the  motor  paralysis  and  anaBetheaia  occur  on  the  tame  side  of 
head,  in  which  case  the  lesion  (due  to  pressnre  or  inflammation)  involvea  the 
cranial  nervea  lying  at  the  base  of  the  brain. 

The  position  qf  decosaation  lies  (1)  in  the  spinal  oord,  (2)  in  the  medolla 
oblongata,  and  lastly  (3)  in  the  pons.  The  decussation  is  complete  in  the 
peduiele. 

Alternate  Paralysis.— Onbler  observed  that  unilateral  injory  to  the  pona 
csoaed  paralysis  of  the  facial  nenre  on  the  same  side,  bnt  paralysis  of  the  oppotUe 
half  of  the  body.  He  conduded  that  the  nerves  of  the  tnmk  decussate  brfore  thqr 
reach  the  pons,  while  the  fiftoial  fibres  decussate  within  the  pons.  To  these  rare 
cases  the  name  **  aUemate  hem^f)legia  **  is  given.  [When  haBmorrhage  takes  place 
into  the  Unoer  part  of  the  lateral  half  of  the  pons,  there  may  be  alternate  paralysis, 
but  when  the  upper  part  of  the  lateral  half  is  injured,  the  fiudal  is  paralysed  on 
the  same  side  as  the  body.] 

The  olfactory  nerve  is  said  not  to  decussate,  while  the  optic  nerve  undergoes  a 
partial  decussation  at  the  ohiasma  (§  344).  Some  observers  assert  that  the  fibres 
of  the  trochlearis  decussate  at  their  origin. 


366.   The  Medulla  Oblongata. 

[Structure. — In  the  medulla  oblongata  the  fibres  from  the  cord  are  re- 
arranged, the  grey  matter  is  also  much  changed,  while  new  grey  matter  is 
added.  Each  half  of  the  medulla  oblongata  consists  of  the  following  parts 
from  before  backward:  The  cuUeriar  pyramids,  oUvary  hody^  rt9t\form  body, 
and  posterior  pyramid,  or  funiculus  gracilis  (Figs.  344,  345,  346).  By  the 
divergence  of  the  posterior  pyramids  and  the  restiform  bodies,  the  floor  of 
the  fourth  ventricle  is  exposed,  with  which  the  central  canal  of  the  cord  com- 
municates, as  the  latter  gradually  comes  nearer  to  the  posterior  surface  of  the 
medulla.  At  the  lower  end  of  the  medulla  oblongata,  on  separating  the  anterior 
pyramids,  we  may  see  the  decussation  of  the  pyramids  where  the  fibres  cross  over 
to  the  lateral  columns  of  the  cord.  The  anterior  pyramid  receives  the  direct 
pyramidal  tract  of  the  anterior  column  of  the  cord  from  its  own  side,  and  the 
crossed  pyramidal  tract  from  the  lateral  column  of  the  cord  of  the  opposite  side  (Fig. 
344).  The  decussating  fibres  (crossed  pyramidal  tract)  of  the  lateral  oolumn  form 
the  decussation  of  the  pyramids.  Most  of  the  pyramidal  fibres  pass  through  the 
pons  directly  to  the  cerebrum,  but  a  few  fibres  pass  to  the  cerebellum,  while  a  few 
join  fibres  proceeding  from  the  olivary  body  to  form  the  olivary  fiuciculus  or  fillet. 

Of  the  fibres  of  the  lateral  column  of  the  cord,  some,  the  direct  cerebellar  tract, 
join  the  restiform  body  and  go  to  the  cerebellum;  the  crossed  pyramidal  fibres  go 
to  the  anterior  pyramid  of  the  opposite  side,  while  other  fibres  pass  upwards 
beneath  the  olivary  body,  and  appear  in  the  floor  of  the  fourth  ventricle  as  the 
fasciculus  teres. 

The  posterior  pyramid  of  the  oblongata  is  merely  the  upward  continuation  of  the 
postero-median  column,  or  funiculus  gracilis  of  the  cord.  As  it  passes  upwards  at 
the  medulla  it  broadens  out,  forming  the  c2at»,  which  tapers  away  above. 

The  restiform  body  consists  of  the  upward  continuation  of  the  postero-eztemal 
column  or  funiculus  cuneatus  of  the  cord.  Between  this  fasciculus  and  the 
posterior  pyramid  there  is  another  longitudinal  eminence,  which  Schwalbe  haa 
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1  th«/wtiadiu  tifSolatido,  and  theM  two  together  form  the  rectdform  bodj 
h,  wiUi  the  direct  oerebellu  tntct  applied  to  it  and  aome  arcuate  Sbtm  emerg- 


Fig.  34*. 

ction  c^  the  decusution  of  the  pymnida— jia,  ulterior  median  fissure,  displaced 
laterally  by  the  fibrea  decTusatiiig  at  d;  V,  anterior  colnnm;  Co,  anterior 
conn,  with  its  nerve-oelU,  a,  b;  ce,  central  canal ;  S,  lateral  oolamn ;  fr, 
forniatio  reUcnlaris;  ct,  neck,  and  g,  head  of  the  posterior  comn;  rpOI, 
poeterioT  root  id  the  first  cervical  nerve ;  nc,  first  indication  of  the  nnclens  <tf 
the  fonicnlas  cnneatas;  ng,  nnclens  (clava)  of  the  faniculcs  gracilis;  H^, 
FaaiaiilnB  gracilis;  H*,  FunicQlns  cnneatDB;  tip,  posterior  median  fisBore; 
X,  groDps  of  ganglionic  cells  in  the  base  of  the  posterior  comn  x  6  (Schwalbe). 


ing  from  the  anterior  median  fissure,  cToseea  the  anterior  pyramids  and  olivary 
body,  and  passes  to  the  cerebelinm  on  the  same  side,  constitating  its  inferior 
pednncle,] 

[The  gnj  mSittei  of  the  mednlla  is  largely  a  continuation  of  that  of  the  cord, 
although  it  is  arranged  differently.  As  the  fibres  from  the  lateral  colnmn  of  the 
cord  pass  over  to  form  part  of  the  anterior  pyramid  of  the  mednlla  on  the  opposite 
side,  they  traverse  the  grey  matter  and  thns  cat  off  the  tip  of  the  anterior  oomn, 
wliich  is  also  pushed  backwards  by  the  olivary  body,  and  exists  aa  a  distinct  mass, 
the  nucleus  laleratii  (Fig.  346,  rU).  Part  of  the  anterior  grey  matter  also  appears 
in  the  fioor  of  the  fourth  ventricle  as  the  eminence  of  the  fascicnlns  teres,  and  from 
part  of  it  springs  the  hypogloasal  nerve  (Fig.  346,  xii).  The  poeterior  oomu  is  also 
broken  up  and  is  thrown  outwards,  its  oapnt  giving  rise  to  part  of  the  elevation 
seen  on  the  surface  and  described  as  the  fonicnlus  of  Bolando,  while  part  of  the 
base  now  greatly  enlarged  forms  the  grey  matter  in  the  funiculns  gracilis  (Fig.  344, 
ng)  and  fimicnlus  cnneatns  (Fig.  344,  nc).  The  grey  matter  of  the  posterior  grey 
oornn  mppMtn  in  the  floor  of  the  fourth  ventricle  above  where  the  central  canal 
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Fig.  345.— Section  of  the  mednlla  obloDgata  at  the  ao-called  upper  decuuatdoii  of 
the  pyramidB — ^,  anterior,  etp,  and  posterior  median  fissure ;  nXl,  Quclens 
of  the  acce«aorius  vagi;  itXII,  nudena  of  the  hypoglouol ;  da,  the  so-called 
enperior  or  anterior  decnSBatioQ  of  the  pynuuida ;  py,  anterior  pynunid;  n,Ar, 
Duoleu*  arcifbrmia ;  O',  median  parolivaiy  body;  O,  begiutting  of  the  ancleoB 
of  tbeolivarf  body;  nl,  nncleos  of  the  latenl  colamu ;  />,  formatio  ntionlaria; 
g,  Hubatantia  gelatinoaa,  with  (aV)  the  ascending  Toot  of  the  trigeminnB;  ne, 
UDcleui  of  the  funicolns  cuneatua;  ne',  extenuil  nocleos  of  the  Ainiculna 
cnneatDs;  ng,  nncleni  of  the  fiiniculDa  gracilis  (or  clava);  £',  fomooliu 
gracilia;  H',  funiculus  ooneotus;  ec,  central  cna«l;  /a,  faS,  f<^,  external 
ardform  fibres  x  4. 


Fig.  346. — Section  of  the  medulla  oblongata  through  tlie  olivary  body;  nXl/, 
nucleui  of  the  hj^glossol;  nX,  nX^,  more  or  less  cellular  parts  of  the  andena 
of  the  vagus ;  XII,  hypoglossal  nerve ;  X,  vagua ;  n,  am,  nucleus  amluguna ; 
tU,  nncleua  lateralis;  o,  olivary  nucleus;  oal,  external,  and  oam,  internal 
parollvary  body ;  fi,  the  round  bundle,  or  funiculus  eolitarius ;  Cr,  reatifonn 
body;  p,  anterior  pynunid,  turronnded  by  arciform  fibres;  fae,  pol,  fibres 
proceeding  from  the  olive  to  the  n^he  (pedunculus  olivie] ;  r,  nphe  x  4. 


«pana  into  it,  as  the  nuclei  of  the  spinal  acceasory,  vagus,  and  glosso-phaiyqgesl 
nerves.  The  medulla  abo  contains  the  nuclens  ^r  the  auditory  nerve.  There  ia 
*  snperadded  moss  of  grey  matter  not  represented  in  the  cord,  that  of  the  ciivary 
tody  encloung  a  nncleos,  the  eorpvt  denlatum,  with  ite  wavy  strip  of  grey  matter 
containing  many  multipolar  nerve-cells.  The  grey  matter  is  oovered  on  the 
•orlace  by  longitudinal  and  traiisverae  fibres.  There  are  other  smaller  masses  of 
.grey  matter,  the  internal  and  external  parolivaiy  bodies,  which  lie  to  the  outer  aai 
inner  side  of  the  corpus  dentatnm.] 
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Fanctions. — Hie  medulla  oblongata,  which  cooDecta  the  spinal  cord 
vith  the  hnm,  has  many  points  of  resemblance  with  the  former.  In  tt 
numerous  cetiires  for  simple  reflexts  are  present  similar  to  the  nervA- 
oentres  in  the  spinal  cord,  e.g.,  closure  of  the  eyelids.     There  are  other 


Fig.  317. 
MedaUft   oblongata,   with  &m   oorpon  qnadrigsmiiim  (aBlarged)— 'Hie  miBben 
IT.-XJI.  mdicato  the  mperficUl  origin*  of  the  cranul  neiree,  while  thosa 
( 3-1 2>  indicate  their  deep  origin,  i.e.,  the  poaitionof  thnr  eentnl  noclei;  t, 
funicnltiB  leree. 

centres  present  which  seem  to  dominale  or  ctmtrol  similar  centres  placed 
in  the  cord — e.ff.,  the  great  vaso-motor  centre,  the  sweat-secreling, 
pnpil-dilating  centres,  and  the  centre  for  combining  the  reflex  mcrs- 
ments  of  the  body.     Some  of  the  centres  are  capable  of  bdng  excited 
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r^lexly  (§  358,  2),  while  others  are  autoniAtic  (§  368,  8).  The  ncffnal 
fundiofu  of  these  centres  depend  upon  the  exchanges  of  gases  effected 
by  the  drcalation  of  the  blood  through  the  medulla.  If  this  gaseaw 
exchanffe  be  interrupted  or  interfered  with,  as  by  asphyxia,  suddei^ 
aniemia,  or  venous  congestion,  these  centres  are  first  excited,  and  exhibit 
a  condition  of  increased  excitability,  and,  if  they  are  over-stimulated,  at 
last  they  are  paralysed.  An  excessive  iemperaiure  also  acts  as  a 
stimulu&  All  the  centres,  however,  are  not  active  at  the  same  time^ 
and  they  do  not  all  exhibit  the  same  degree  of  excitability.  Nor- 
mally, the  respiratory  centre  and  the  vaso-motor  centre  are  continually 
in  a  state  of  rhythmical  activity.  In  some  animals  the  inhibitory 
centre  of  the  heart  remains  continually  non-excited,  in  others  it  is 
stimulated  very  slightly  under  normal  conditions,  simultaneously  with  • 
the  stimulation  of  the  respiratory  centre  and  only  during  inspiration. 
The  spasm  centre  is  not  stimulated  under  normal  conditions,  and 
during  intra-uterine  life,  the  respiratory  centre  remains  quiescent.  The 
medulla  oblongata,  therefore,  contains  a  collocation  of  nerve-centres 
which  are  essential  for  the  maintenance  of  life,  as  well  as  various  con- 
ducting paths  of  the  utmost  importance.  We  shall  treat  of  the  reflex» 
and  afterwards  of  the  automatic  centres. 

367.  Reflex  Centres  of  the  Medulla  Oblongata. 

The  medulla  oblongata  contains  a  number  of  reflex  centres,  which 
minister  to  the  discharge  of  a  large  number  of  co-ordinated  move- 
ments. 

1.  Centre  for  the  Closure  of  the  Eyelids. — ^The  sensory  branches  of 
the  5th  cranial  nerve  to  the  cornea,  conjunctiva,  and  the  skin  in  the 
region  of  the  eye  are  the  afferent  nerves.  They  conduct  impulses  to 
the  medulla  oblongata,  where  they  are  transferred  to,  and  excite  part 
of,  the  centre  of  the  facial  nerve,  and  through  branches  of  the  facial  the 
efferent  impulses  are  conveyed  to  the  orbicularis  palpebrarum.  The 
centre  lies  close  to  the  calamus  scriptorius  (Exner). 

The  reflex  closnte  of  the  eyelids  always  occurs  on  both  sides,  bat  closure  may  be 
produced  voluntarily  on  one  side  (winking).     When  the  stimulation  is  strong,  the  i 

oormgator  and  other  groups  of  muscles  which  raise  the  cheek  and  nose  towards  the- 
eye  may  also  contract,  and  so  form  a  more  perfect  protection  and  closure  of  the 
eye.    Intense  stimulation  of  the  retina  causes  closure  of  the  eyelids. 

2.  Centre  for  Sneezing. — The  afferemi  channels  are  the  internal  nasal 
branches  of  the  trigeminus  and  the  olfactory,  the  latter  in  the  case  of 
intense  odours.  The  efferent  or  motop  paths  lie  in  the  nerves  for  the 
muscles  of  expiration  (§  120,  3,  and  §  347,11.).  Sneezing  cannot  be 
performed  voluntarily. 
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3.  Centre  for  Cou^fdng,  according  to  Kohts,  is  placed  a  little  above 
the  inspiratory  centre ;  the  afferent  paths  are  the  sensory  branches  of 
the  vagns  (§  352,  5,  a).  The  efferent  paths  lie  in  the  nerves  of  expira- 
tion and  those  that  close  the  glottis  (§  120,  1). 

4.  Centre  for  the  Movements  of  Sucking  and  Mastication. — The 
afferent  paths  lie  in  the  sensory  branches  of  the  nerves  of  the  month 
and  lips  (2nd  and  3rd  branches  of  the  trigeminus  and  glosso-pharyn- 
geal).  The  efferent  nerves  for  suction  (§  152)  are: — ^Facial  for  the  lips, 
hypoglossal  for  the  tongue,  the  inferior  maxillary  division  of  the  trige- 
minus for  the  muscles  which  elevate  and  depress  the  jaw.  For  the 
movements  of  mastication  (§  153)  the  same  nerves  are  in  action,  but 
when  food  passes  within  the  dental  arch,  the  hypoglossal  is  concerned 
in  the  movements  of  the  tongue,  and  the  facial  for  the  buccinator. 

5.  Centre  for  the  Secretion  of  Saliva  (p.  290),  which  lies  in  the 
floor  of  the  4th  ventricle  (Eckhard). — Stimulation  of  the  medulla 
oblongata  causes  a  profuse  secretion  of  saliva,  when  the  chorda  tympani 
and  glosso-pharyngeal  nerves  are  intact,  a  much  feebler  secretion  when 
the  nerves  are  divided,  and  no  secretion  at  all  when  the  cervical 
sympathetic  is  extirpated  at  the  same  time  (Griitzner). 

6.  Centre  for  Swallowing  in  the  floor  of  the  4th  ventricle  (§  156). — 
The  afferent  paths  lie  in  the  sensory  branches  of  the  nerves  of  the 
mouth,  palate,  and  pharynx  (2nd  and  3rd  branches  of  the  trigeminus, 
glosso-pharyngeal,  and  vagus);  the  ej^erent  channels  in  the  motor 
branches  of  the  pharyngeal  plexus  (§  352,  4). 

According  to  Sterner,  every  time  we  swallow  there  is  a  alight  stimulation  of  the 
respiratoiy  centre,  resulting  in  a  slight  contraction  of  the  diaphragm.  [Kronecker 
has  shown  that  if  a  glass  of  water  be  sipped  slowly,  the  action  of  the  cardio- 
inhibitory  centre  is  interfered  with  reflexly,  so  that  the  heart  beats  much  more 
rapidly.] 

7.  Centre  for  Vomiting  (§  158). — ^The  relation  of  certain  branches 
of  the  vagus  to  this  act  are  given  at  §  352,  2,  and  12,  d. 

8.  The  upper  centre  for  the  dilator  pupills  muscle,  the 
smooth  muscles  of  the  orbit  and  the  eyelids  lies  in  the  medulla 
oblongata.  The  fibres  pass  out  partly  in  the  trigeminus  (p.  793,  3), 
partly  in  the  lateral  columns  of  the  spinal  cord  as  far  down  as  the 
cilio-spinal  region,  and  pass  out  by  the  two  lowest  cervical  and  the  two 
upper  dorsal  nerves  into  the  cervical  sympathetic  (§  356,  A,  1).  The 
centre  is  normally  excited  reflexly  by  shading  the  retina,  ».e.,  by 
diminishing  the  amount  of  light  admitted  into  the  eye.  It  is  directly 
excited  by  the  circulation  of  dyspnoeic  blood  in  the  medulla.  (The 
centre  for  contracting  the  pupil  is  referred  to  at  §  345  and  §  392.) 

9.  There  is  a  subordinate  centre  in  the  medulla  oblongata,  which 
seems  to  be  concerned  in  bringing  the  various  reflex  centres  of  the 
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cord  into  relation  with  each  other.  Owsjannikow  found  that,  on 
dividing  the  medulla  6  mm.  above  the  calamus  scriptoriuB  (rabbit), 
the  general  reflex  movements  of  the  body  still  occurred,  and  the 
anterior  and  posterior  extremities  participatedin  such  general  moTem6nt& 
If,  however,  the  section  was  made  1  mm.  nearer  the  calamus,  only  local 
partial  reflex  actions  occurred  (§  360,  IIL,  4) ;  [thus,  on  stimulating 
the  hind-leg,  the  fore-legs  did  not  react,  the  transference  of  the  reflex 
was  interfered  with].  The  centre  reaches  upwards  to  slightly  above 
the  lowest  third  of  the  oblongata. 

Pathological. — The  medulla  oblongata  ib  sometimee  the  seat  of  a  typical  dis- 
ease, known  as  bulbar  paralysis,  or  glosao-pharyngo-labial  paralysis  (Duchenne, 
I860),  in  which  there  is  a  progressive  invasion  of  the  different  nerye-nnclei 
{centres)  of  the  cranial  nerves  which  arise  within  the  medulla,  these  oentres  being 
the  motor  portions  of  an  important  reflex  apparatus.  Usually  the  dinMUin  begins 
with  paralysis  of  the  tongue,  accompanied  by  fibrillar  contractions  (p.  640),  where- 
by speech,  formation  of  the  food  into  a  bolus,  and  swallowing  are  interfered  with 
(§  354).  The  secretion  of  thick  viscid  saliva  points  to  the  impossibility  of  secret- 
ing a  thin  watery /ociaZ  ioliva  (§  145,  A),  owing  to  paralysis  of  this  nerve-nncleos. 
Swallowing  may  be  impossible,  owing  to  paralysis  of  the  pharynx  and  palate. 
This  interferes  with  the  formation  of  certain  consonants  (§  318,  C);  the  speech 
becomes  nasal,  while  fluid,  and  solid  food  often  passes  into  the  nose.  Then  follows 
paralysis  of  the  branches  of  the  facial  to  the  lips,  and  there  is  a  characteristic 
«xpression  of  the  mouth  *'  as  if  it  were  frozen.'*  All  the  muscles  of  the  face  may 
be  paralysed ;  sometimes  the  laryngeal  muscles  are  paralysed,  leading  to  the  loss  of 
voice,  and  the  entrance  of  food  into  the  windpipe.  The  heart  beats  are  often  slowed, 
pointing  to  stimulation  of  the  cardio-inhibitory  fibres  (arising  from  the  accessorins). 
Attacks  of  dyspnosa,  like  those  following  paralysis  of  the  recurrent  nerves  (§  313, 
II,  1,  and  §  352,  5,  6),  and  death  may  occur.  Paralysis  of  the  muscles  of  masti- 
eation,  contraction  of  the  pupil,  and  paralysis  of  the  abducens  are  rare. 


368.  The  Respiratory  Centre  and  the  Innervation 

of  the  Respiratory  Apparatus. 

The  respiratory  centre  lies  in  the  medulla  oblongata  (Legallois), 
behind  the  point  of  origin  of  the  vagi,  on  both  sides  of  the  posterior 
aspect  of  the  apex  of  the  calamus  scriptorius,  between  the  nuclei  of 
the  vagus  and  accessorius  (Flourens),  and  was  named  by  Flourens  the 
vital  point,  or  noend  vital.  The  centre  is  double,  one  for  each  side, 
and  it  may  be  separated  by  means  of  a  longitudinal  incision  (Longet), 
whereby  the  respiratory  movements  continue  S3rmmetrically  on  both 
sides.  K  one  vagus  be  divided,  respiration  on  that  side  is  slowed*  If 
both  vagi  be  divided,  the  respirations  become  much  slower  and  deeper,  but 
the  respiratory  movements  are  symmetrical  on  both  sides.  Stimula- 
tion of  the  central  end  of  one  vagus,  both  being  divided,  causes  an 
arrest  of  the  respiration  only  on  the  same  side,  the  other  side  con- 
tinues to  breathe.    The  same  result  is  obtained  by  stimulation  of  the 
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trigeminus  on  one  side  (Langendor£f).  When  the  centre  is  divided 
transversely  on  one  side,  the  respiratory  movements  on  the  same  side 
cease  (Schiff). 


AnatomicaL— According  to  Giercke,  Heidenhain,  and  Langendor£E^  those  parts 
of  the  medulla  oblongata,  whose  destruction  cauaee  cessation  of  the  respiratory 
movements,  are  not  grey  cellular  substance,  but  only  single  or  double  strands  of 
nervous  matter  running  downwards  in  the  substance  of  the  medulla  oblongata. 
These  strands  are  said  to  arise  partly  from  the  roots  of  the  vagus,  trigeminus, 
spinal  accessory,  and  glosso-pharyngeal  (Meynert),  forming  connections  by  means 
of  fibres  with  the  other  side,  and  descending  as  far  downwards  as  the  cervical 
enlargement  of  the  spinal  cord  (Goll).  According  to  this  view,  this  strand  repre- 
sents an  inter-central  baud  connecting  the  spinal  cord  (the  place  of  origin  of  the 
motor  respiratory  nerves)  with  the  nuclei  of  the  above-named  cranial  nerves. 


Most  probably  the  dominating  respiratory  centre  lies  in  the  medulla 
oblongata,  and  upon  it  depends  the  rhythm,  and  symmetry  of  the  re- 
spiratory movements;  but,  in  addition,  other  and  subordincUe  centres  are 
placed  in  the  spinal  cord,  and  these  are  governed  by  the  oblongata 
centre  (p.  362).  If  the  spinal  cord  be  divided  in  newly-born  animals — 
dog,  cat — ^below  the  medulla  oblongata,  respiratory  movements  of  the 
thorax  are  sometimes  observed  (Brachet^  1835,  Lautenbach,  and 
Langendorfif). 

Cerebral  Inspiratory  Centre. — ^According  to  Ghristiani,  there  is  a 
cerebral  in^iraiory  centre  in  the  optic  thalamus,  in  the  floor  of  the  3rd 
ventricle,  which  is  stimulated  through  the  optic  and  auditory  nerves, 
even  after  extirpation  of  the  cerebrum  and  corpora  striata;  when  it 
is  stimulated  directly,  it  deepens  and  accelerates  the  inspiratory  move- 
ments, and  may  even  cause  a  standstill  of  the  respiration  in  the  inspir- 
atory phase.  This  inspiratory  centre  may  be  extirpated.  After  this 
operation,  an  expiraiory  centre  is  active  in  the  substance  of  the  anterior 
pair  of  the  corpora  quadrigemina,  not  far  from  the  aqueduct  of  Sylvius. 
Lastly,  Marten  and  Booker  describe  a  second  cerebral  inspiratory  centre 
in  the  posterior  pair  of  the  corpora  quadrigemina.  These  three  centres 
are  connected  with  the  centres  in  the  medulla  oblongata. 

Inspiratory  and  Ejq^iratoiy  Centres. — ^The  respiratory  centre  consists  of 
ivoo  centres,  which  are  in  a  state  of  activity  alternately — an  inspiratoiy 
and  an  expiratoiy  centre  (Fig.  348);  each  one  forming  the  motor  central 
point  for  the  acts  of  inspiration  and  expiration  (§  112). 

The  centre  is  automatic,  for,  after  section  of  all  the  sensory  nerves 
which  can  act  reflexly  upon  the  centre,  it  stiU  retains  its  activity. 

The  degree  of  excitability  and  the  stimulation  of  the  centre  depend 
upon  the  state  of  the  blood,  and  chiefly  upon  the  amount  of  the  blood- 
gases,  the  O  and  GOg  (J.  Rosenthal). 


878 


APMCEA,  AFN(EIC  BLOOD  ARD  XUPNCBA. 


According  to  the  condition  of 
the  centre,  there  are  several 
well-recognised  respiratory  con- 
ditions:— 

1.  ApnoML — Complete  cessa- 
tion of  the  respiration  constitut- 
ing apruBO,  M.y  cessation  of  the 
respiratory  movements,  owing  to 
the  absence  of  the  proper  stim- 
ulus, due  to  the  blood  being 
saturated  with  0,  and  poor  in 
COj.  Such  blood  saturated  with 
O  fails  to  stimulate  the  centre, 
and  hence  the  respiratory  muscles 
are  quiescent.  This  seems  to  be 
the  condition  in  the  foetus  during 
intra-uterine  life.  If  air  be 
vigorously  and  rapidly  forced 
into  the  lungs  of  an  animal  by 
artificial  respiration,  the  animal 
will  cease  to  breathe  for  a  time 
after  cessation  of  the  artificial 
respiration  (Hook,  1667),  the 
blood  being  so  arterialised  that 
it  no  longer  stimulates  the  re- 
spiratory centre.  If  a  person 
take  a  series  of  rapid,  deep 
respirations,  his  blood  becomes 
surcharged  with  oxygen,  and 
long  "  apncBic  jpauses  "  occur. 


Fig.  348. 

Scheme  of  the  chief  respiratory  nerves, 
after  Rutherford—iiM,  inspiratory,  and 
expf  expiratory  centre — motor  nerves 
are  in  smooth  lines.  Expiratory  motor 
nerves  to  abdominal  muscles,  ah;  to 
muscles  of  back,  do.  Inspiratory  motor 
nerves  ~j9Ji,  phrenic  to  diaphragm,  d; 
ifU,  intercostal  nerves;  W,  recurrent 
laryngeal  to  larynx;  tx,  pulmonary 
fibres  of  vagus  that  excite  inspiratory 
centre;  ex'y  pulmonary  fibres  that 
excite  expiratory  centre;  ex^,  fibres 
of  superior  laryngeal  nerves  that  ex- 
cite expiratoiy  centre;  tnA,  fibres  of 
superior  laryngeal  that  inhibit  the 
inspiratory  centre. 


Apnosic  Blood. — ^A.  Ewald  found  that  the  arterial  blood  of  apno&io  animals 
was  completely  saturated  with  O,  while  the  COa  was  diminished;  the  venous 
blood  contained  less  O  than  normal — this  latter  condition,  being  due  to  the  a]moeic 
blood  causing  a  considerable  fall  of  the  blood-pressure  and  consequent  slowing  of 
the  blood-stream,  so  that  the  O  can  be  more  completely  taken  from  the  blood  in 
the  capillaries  (PflUger).  The  amount  of  0  used  on  the  whole  in  apnoea  is  not 
iucreased  (p.  259).  Gad  remarks  that  during  forced  ariificMl  respiration,  the 
pulmonary  alveoli  contain  a  very  large  amount  of  atmospheric  air ;  hence,  they 
are  able  to  arteriallse  the  blood  for  a  longer  time,  thus  diminishing  the  neces- 
sity for  respiration. 

2.  Eupnosa. — The  normal  stimulation  of  the  respiratory  centre, 
eujmoea,  is  caused  by  the  blood  in  which  the  amount  of  0  and  CO2  does 
not  exceed  tlie  normal  limits  (§§  35  and  36). 
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3.  I^yipiUBa. — ^AIl  conditions  which  diminish  the  0  and  increase  the 
CO2  in  the  blood  circulating  through  the  medulla  and  respiratory 
centre,  cause  acceleration  and  deepening  of  the  respirations,  which  may 
ultimately  pass  into  vigorous  and  laboured  activity  of  all  the  respiratory 
muscles^  constituting  dyymoeoy  when  the  difficulty  of  breathing  is  very 
great  (§  134). 

For  the  changes  in  the  rhythm  see  §  111. 

4.  Asphyxia. -^If  blood,  abnormal  as  regards  the  amount  and  quality 
of  its  gases,  continues  to  circulate  in  the  medulla,  or  if  the  condition  of 
the  blood  become  still  more  abnormal,  the  respiratory  centre  is  aver- 
simulated,  and  it  is  eachausUd.  The  respirations  are  diminished  both  in 
number  and  depth,  and  they  become  feeble  and  gasping  in  character; 
ultimately  the  movements  of  the  respiratory  muscles  cease,  and  the 
heart  itself  soon  ceases  to  beat.  This  constitutes  the  condition  of 
dspkyxia ;  and,  if  it  be  continued,  death  from  suflbcation  takes  place. 
(Langendorff  asserts  that  in  asphyxiated  frogs,  the  muscles  and  grey 
nervous  substance  have  an  acid  reaction.)  If  the  conditions  causing 
the  abnormal  condition  of  the  blood  be  removed,  the  asphyxia  may  be 
XJrevented  under  favourable  circumstances,  especially  by  using  artificial 
respiration ;  the  respiratory  muscles  begin  to  act  and  the  heart  begins 
to  beat,  so  that  the  normal  eupnoeic  stage  is  reached  through  the 
condition  of  dyspnoea.  If  the  venous  condition  of  the  blood  be  produced 
slowly  and  very  gradually^  asphyxia  may  take  place  without  there 
being  any  symptoms  of  dyspnoea,  as  occurs  when  death  takes  place 
quietly  and  very  gradually  (§  324,  5). 

Causes  of  Dyspnoea. — l*  Direct  UmUation  of  the  activity  of  the  respiratory 
organs;  diminution  of  the  respiratory  surface  by  infiammation,  acute  oedema 
(p.  75),  or  collapse  of  the  alveoli,  occlusion  of  the  capillaries  of  the  alveoli,  com- 
pression of  the  lungs,  entrance  of  air  into  the  pleura,  obstruction  or  compression  of  the 
windpipe.  2.  Ohatruction  to  the  entrance  qf  the  normal  amount  of  air  by  strangula- 
tion, or  enclosure  in  an  insufficient  space.  3.  Er\feeblement  of  the  circulation,  so  that 
the  medulla  oblongata  does  not  receive  a  sufficient  amount  of  blood;  in  degeneration 
of  the  heart,  valvular  cardiac  disease,  and  artificially  by  ligature  of  the  carotid  and 
vertebral  arteries  (Kussmaul  and  Tenner),  or  by  preventing  the  free  efflux  of  venous 
blood  from  the  skull,  or  by  the  injection  of  a  large  quantity  of  air  or  indifferent 
bodies  into  the  right  heart.  4.  Direct  loss  of  blood,  which  acts  by  arresting  the 
exchange  of  gases  in  the  medulla  (J.  Rosenthal).  This  is  the  cause  of  the  ''biting 
or  snapping  at  the  air  "  manifested  by  the  decapitated  heads  of  young  animals, 
e,g.f  kittens.  [The  phenomenon  is  well  marked  in  the  head  of  a  tortoise  separated 
from  the  body — W.  Stirling.] 

All  these  factors  act  rapidly  upon  the  respiratory  activity,  and  at  first  the 
respirations  are  deeper  and  more  rapid,  and  afterwards  the  respiratory  movements 
become  more  violent  and  general  convidsions  occur,  ending  with  expiratory  spasm, 
which  is  followed  by  a  stage  of  cessation  of  the  respiration  and  complete  relaxation. 
Before  death  takes  place,  there  are  usually  a  few  "  snapping  "  or  gasping  efforts  at 
inspiration  (Hogyes,  Sigm.  Mayer—p.  234). 
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Condition  of  the  Blood^aaOB,— Ab  a  general  rule,  in  the  prodnofcion  of 
dyspnoea,  the  want  of  O  and  the  excess  of  CDs  act  simnltaneouBly  (Pflliger  and 
Dohmen),  but  each  of  these  alone  may  act  aa  an  efficient  cause.  According  to 
Bernstein,  blood  containing  a  small  amount  of  O  acts  chiefly  «poii  the  ikuipiratoiy 
centre,  and  blood  rich  in  CO9,  on  the  expiratory  centre.  Dyspnoea,  from  want  of 
0,  occurs  during  respiration  in  a  space  ofmodercUe  size  (§  133),  in  spaces  where  the 
tension  of  the  air  is  diminished,  and  by  breathing  in  indifferent  gases  or  those  con- 
taining no  free  O.  When  the  blood  is  freely  ventilated  with  N  or  H,  the  amount  of 
COs  in  the  blood  may  even  be  diminished,  and  death  occurs  with  all  the  signs  of 
asphyxia  (Pflttger).  Dyspnoea,  from  the  blood  being  overcharged  with  CO2,  occurs 
by  breathing  air  containing  much  COs  (§  133).  Air  containing  much  COg  may 
cause  dyspnoea,  even  when  the  amount  of  O  in  the  blood  is  greater  than  that  in  the 
atmosphere  (Thiry).    The  blood  may  even  contain  more  0  than  normal  (PflUger). 

An  increased  temperature  increases  the  activity  bf  the  respiratory  centre 
(§  214,  II.,  3).  This  occurs  when  blood,  warmer  than  natural,  flows  through  the 
the  brain,  as  Fick  and  Goldstein  observed  when  they  placed  the  exposed  carotids  in 
warm  tubes,  so  as  to  heat  the  blood  passing  through  them.  In  this  case  the  heated 
blood  acts  directly  upon  the  brain,  the  medulla  and  the  cerebral  respiratory  centres 
(Qad).  Direct  cooling  diminishes  the  excitability  (Fr^^ricq).  When  the  temper- 
ature is  increased,  vigorous  artificial  respiration  does  not  produce  apncea,  although 
the  blood  is  highly  arteriaUsed  (Ackermann).  Emetics  act  in  a  similar  manner 
(Hermann  and  Grimm). 

Electrical  Stimnlation  of  the  medulla  oblongata  separated  from  the  brain, 
discharges  respiratory  movements  (Kronecker  and  Marokwald),  or  increases  those 
already  present.  Langendorff  found  that  electrical,  mechanical,  or  chemical  (salts) 
stimulation  usually  caused  an  expiratory  effect,  while  stimulation  of  the  cervical 
spinal  cord  (subordinate  centre)  gave  an  inspiratory  effect.  According  to  Laborde, 
a  superficial  lesion  in  the  region  of  the  calamus  scriptorius  causes  standstill  of  the 
respiration  for  a  few  minutes.  If  the  peripheral  end  of  the  vagus  be  stimulated  so 
as  to  arrest  the  action  of  the  heart,  the  respirations  also  cease  after  a  few  seconds. 
Arrest  of  the  heart's  action  causes  a  temporary  ansemia  of  the  medulla,  in  con- 
sequence of  which  its  excitability  is  lowered,  so  that  the  respirations  cease  for  a 
time  (LaDgendorff). 

Action  on  the  Centre. — The  respiratory  centre,  besides  being  capable 
of  being  stimulated  directly^  may  be  influenced  by  the  willy  and  also 
reflexly  by  stimulation  of  a  number  of  aflferent  nerves. 

1.  By  a  voluntary  impulse  we  may  arrest  the  respiration  for  a  short 
time,  but  only  until  the  blood  becomes  so  venous  as  to  excite  the  centre 
to  increased  acti^.  The  number  and  depth  of  the  respirations  may  be 
voluntarily  increased  for  a  long  time,  and  we  may  also  voluntarily 
change  the  rhythm  of  respiration. 

2.  The  respiratory  centre  may  be  influenced  reflexly  both  by  fibres 
which  excite  it  to  increased  adim  and  by  others  which  inhibU  its 
action,  (a.)  The  exciting  fibres  lie  in  the  pulmonary  branches  of  the 
vagus,  in  the  optic,  auditory,  and  sensory  cutaneous  nerves,  and  nor- 
mally their  action  overcomes  the  action  of  the  inhibitory  fibres.  Thus 
a  cold  bath  deepens  the  respirations,  and  causes  a  moderate  accelera- 
tion of  the  pulmonary  ventilation  (Speck). 

Section  of  both  vagi  causes  slowing  of  the  respiratory  movements^ 
owing  to  the  cutting  off  of  those  impulses  which^  under  normal  condi- 
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iiODB,  pass  from  the  longs  to  excite  the  respiratory  centre.  The  amount 
of  air  taken  in  and  GO2  given  off,  however,  is  not  changed.  The  inspira- 
tory efforts  are  more  vigorous  and  not  so  purposive  (Gad).  JVeaJc 
tetanising  currents  applied  to  the  cerUral  end  of  the  vagus  cause 
acceleration  of  the  respirations  (Budge,  Eckhard) ;  while,  at  the  same 
time,  the  efforts  of  the  respiratory  muscles  may  be  increased  or  dimi- 
nished, or  remain  unchanged  (Gad).  Strong  tetanising  currents  cause 
stand-still  of  the  respiration  in  the  inspiratory  phase  (Traube),  or  expira- 
tory phase  (Budge,  Burkart).  Single  induction  shocks  have  no  effect 
(Marckwald  and  Kronecker). 

Wedenaki  and  Hddenhain  have  recently  reinvestigated  the  effect  of  stimnlation 
of  the  yagOB  upon  the  respiration.  They  find  that  a  temporary  weak  electrical 
stimnlns  applied  to  the  central  end  of  the  vagns,  at  the  beginning  of  inspiration 
(rabbit),  afifects  the  dept^  of  the  sncoeeding  inspirations,  while  a  similar  strong 
stimiilns  a£fecta  also  the  depth  of  the  following  expirations.  If  the  stimulus  be 
applied  just  at  the  commencement  of  expiration,  stronger  stimuli  being  required  in 
this  case,  there  is  a  diminution  of  the  expiration  and  of  the  following  inspiration. 
CarUmued  tetanic  stimulation  of  the  vagus  may  cause  decrease  in  the  depth  of  the 
aaqnxmtions,  or  at  the  same  time  alteration  in  the  depth  of  the  inspirations,  without 
affecting  the  respiratory  rhythm;  when  the  stimulus  is  stronger^  inspiration  and 
expiration  are  diminished  with  or  without  alteration  of  the  frequency,  and  with 
the  strangest  stimuli  respirations  cease,  either  in  the  inspiratory  or  expiratory 
phi 


{b.)  The  inhibitoiy  nerves  which  affect  the  respiratory  centre,  lie  in 
the  superior  laryngeal  nerve  (Rosenthal),  and  also  in  the  inferior 
(Pfliiger  and  Burkart,  Hering,  Breuer)  (Fig.  348,  ink). 

According  to  Langendorff,  direct  electrical,  mechanical,  or  chemical  stimulation 
of  the  centre  may  arrest  respiration,  perhaps,  in  consequence  of  the  stimulus 
affecting  the  central  ends  of  these  inhibitory  nerves,  where  they  enter  the  ganglia 
of  the  respiratoiy  centre. 

Stimulation  of  the  superior  or  inferior  laryngeal  nerves  (J.)  or 
their  ceniral  ends  causes  slowing,  and  even  arrest  of  the  respiration  (in 
expiration — ^Rosenthal).  Arrest  of  the  respiration  in  expiration  is  also 
caused  by  stimulation  of  the  nasal  (Hering  and  Kratschmer)  and 
ophthahnic  branches  of  the  trigeminus  (Ghristiani);  stimulation  of  the 
pulmonary  branches  of  the  vagus  by  breathing  irritating  gases  (KnoU)^ 
although  other  gases  cause  stand-still  in  inspiration.  Chemical  stimu- 
lation of  the  trunk  of  the  vagus,  by  dilute  solutions  of  sodic  carbonate^ 
causes  expiratory  inhibition  of  the  respiration;  and  mechanical  stimulation, 
rubbing  with  a  glass  rod,  inspiratory  inhibition  (Knoll).  The  stimu- 
lation of  sensory  cutaneous  nerves,  especially  of  the  chest  and  abdomen, 
as  oceors  on  taking  a  cold  douche,  stimulation  of  the  splanchnics  (T. 
O.  Graham),  cause  stand-still  in  expiration  (Schiff,  Falk),  the  first  cause 
often  giving  rise  to  temporary  clonic  contractions  of  the  respiratory 
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muscles.  The  respirations  are  often  slowed  to  a  very  great  extent  hj 
pressure  upon  the  brain,  [whether  the  pressure  be  due  to  a  depressed 
fracture,  or  effusion  into  the  ventricles  and  subarachnoid  space].  The 
respiration  may  be  greatly  oppressed  and  stertorous. 

The  amount  of  toork  done  by  the  respiratory  mnsdes  ia  altered  during  the  reflex 
slowing  of  the  respiratoiy  maaoles,  the  work  bdng  increased  during  alow  respiration, 
owing  to  the  ineffectual  inspiratory  e£fbrts  (Gad).  The  volume  of  the  gases  which 
passes  through  th&  lungs  during  a  given  time  remains  unchanged  (Valentin),  and 
the  gaseous  exchanges  are  not  altered  at  first  (Voit  and  Bauber). 

Automatic  Regulation  of  the  Respiratoiy  Centre. — ^Under  normal 
circumstances,  it  would  seem  that  the  pulmonary  branches  of  the  vagus 
act  upon  the  two  respiratory  centres,  so  as  to  set  in  action  what  has  been 
termed  the  self-adjusiing  mechanism ;  thus,  the  inspiratory  dilatation  of 
the  lungs  stimulates  mechanically  the  fibres  which  reflexly  excite  the 
expiraiory  centre,  while  the  diminution  of  the  lungs  during  expiration 
excites  the  nerves  which  proceed  to  the  inspiraiory  centre  (Hering  and 
Breuer). 

Discharge  of  the  First  Bespiration. — ^The  foetus  is  in  an  apnoeic 
condition  until  birth,  when  the  umbilical  cord  is  cut.  During  intra- 
uterine life,  0  is  freely  supplied  to  it  by  the  activity  of  the  placenta. 
All  conditions  which  interfere  with  this  due  supply  of  0,  as  compres- 
sion of  the  umbilical  vessels  and  prolonged  labour  pains,  cause  a 
decrease  of  the  0  and  an  increase  of  the  CO^  in  the  blood,  so  that 
the  condition  of  the  foetal  blood  is  so  altered  as  to  stimulate  the 
respiratory  centre,  and  thus  the  impulse  is  given  for  the  discharge  of 
the  first  respiratory  movement  (Schwartz).  A  foetus  still  within  the 
unopened  foetal  membranes  may  make  respiratory  movements  (Vesalius, 
1542).  If  the  exchange  of  gases  be  interrupted  to  a  sufficient  extent, 
dyspnoea  and  ultimately  death  of  the  foetus  may  occur.  If,  however,  the 
venous  condition  of  the  mother's  blood  develops  very  slowly,  as  in 
cases  of  quiet,  slow  death  of  the  mother,  the  medulla  oblongata  of  the 
foetus  may  gradually  die  without  any  respiratory  movement  being 
discharged  (§  324,  5). 

According  to  this  view,  the  respiratory  movements  are  due  to  the  direct  action 
of  the  dyspnceic  blood  upon  the  medulla  oblongata.  Death  of  the  mother  acts 
like  compression  of  the  umbilical  cord.  In  the  former  case,  the  maternal  venous 
blood  robs  the  fcetal  blood  of  its  0,  so  that  death  of  the  fcetus  occurs  more 
rapidly  (Zantz).  If  the  mother  be  rapidly  poisoned  with  CO  (§  17),  the  foetus 
may  live  longer,  as  the  CO-hsemoglobin  of  the  maternal  blood  cannot  take  any  0 
from  the  foetal  blood  (§  16— Hogyes).  In  slow  poisoning,  the  CO  passes  into  the 
foetal  blood  (Gr^hant  and  Quinquand). 

In  many  cases,  especially  in  cases  of  very  prolonged  labour,  the 
excitability  of  the  respiratory  centre  may  be  so  diminished,  that  after 
birth;  the  dyspnoeic  condition  of  the  blood  alone  is  not  sufficient  to 
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excite  respiration  in  a  normal  rhythmical  manner.  In  mich  eases 
sHmnIalion  of  the  skin  also  acts — e.g.,  partly  by  the  cooling  produced 
by  the  evaporation  of  the  amniotic  fluid  from  the  skin.  When  air  has 
entered  the  lungs  by  the  first  respiratory  movements,  the  air  irithin 
the  lungs  also  excites  the  pulmonary  branches  of  the  vagus  (Pfliiger), 
and  thus  the  respiratory  centre  is  stimulated  reflexly  to  increased 
activity. 

According  to  v.  Preoschen's  obeervations,  stimnlatioa  of  thfi  cntuieoas  mervm  is 
more  effective  than  that  of  the  pulmonary  branches  of  the  yagns.  In  — »'«"«^i« 
-which  have  been  rendered  apnoeic  by  free  ventilation  of  their  Inngs,  respiratory 
movements  may  be  discharged  by  strong  cutaneous  stinraH,  e.g,,  tina^mg  on  of 
cold  water.  The  mechanical  stimulation  of  the  skin  by  friction  or  sharp  blows,  or 
the  application  of  a  cold  douche,  excites  the  respiratory  centre. 

Artificial  Bespirstion  in  Asphyxia* — In  oases  of  suspended  asimatioBy 

crtifieial  rtspirt»Hon  must  be  performed.  The  first  thing  to  be  done  is  to  remove 
any  foreign  substance  frt>m  the  respiratory  passages  (mucus  or  cedematous  fluids) 
in  the  newly-born  or  asphyxiated.  In  doubtful  cases,  open  the  trachea  and  suck 
out  any  fiuid  by  means  of  an  elastic  catheter  (v.  Huier).  Reoourse  must  in 
all  cases  be  had  to  artificial  respiration.  There  are  several  methods  of  <iTl<ttmg  and 
compressing  the  chest  so  as  to  cause  an  exchange  of  gases.  Otoe  mothod  is  to 
compress  the  chest  rhythmically  with  the  hands. 

[Marshall  Hall's  Method.—*'  After  clearing  the  mouth  aad  throaty  place  the 
patient  on  the  face,  raising  and  supporting  the  chest  well  on  a  f<dded  coat  or  olher 
article  of  dress.  Turn  the  body  veiy  gently  on  the  side  and  a  litlla  bsyotod,  and 
then  briskly  on  the  face,  back  again,  repeating  these  measures  cantioosly,  efikiently, 
and  perseveringly,  about  fifteen  times  in  the  minute,  or  onoe  every  four  or  five 
seconds,  occasionally  varjdng  the  side.  By  placing  the  patient  on  the  chest>  the 
weight  of  the  bpdy  forces  the  air  out;  when  turned  on  the  side,  tiiis  pressure  is 
removed,  and  air  enters  the  chest.  On  each  occasion  that  the  body  is  replaced  on 
the  face,  make  uniform  but  efficient  pressure  with  brisk  movement  on  the  back 
between  and  below  the  shoulder-blades  or  bones  on  each  side^  reinoving  the 
pressure  immediately  before  turning  the  body  on  the  side.  Daring  the  whole  of 
the  operations  let  one  person  attend  solely  to  the  movements  of  the  head  sod  of 
the  arm  placed  under  it.''] 

[Sylvester's  Method.—"  Place  the  patient  on  the  baok  on  &  flat  saifiioe^  in- 
clined a  little  upwards  from  the  feet ;  raise  and  support  the  head  and  shoulders  on 
a  small  firm  cushion  or  folded  article  of  dress  placed  under  the  shoulder-blades. 
Draw  forward  the  patient's  tongue,  and  keep  it  projecting  beyond  the  lips;  an 
clastic  band  over  the  tongue  and  under  the  chin  will  answer  this  purpose,  or  a 
piece  of  string  or  tap  may  be  tied  round  them,  or  by  raising  the  lower  jaw,  the 
teeth  may  be  made  to  retain  the  tongue  in  that  position.  Remove  all  tight 
clothing  from  about  the  neck  and  chest,  especially  the  braces." 

"  To  JmiicUe  the  Movements  of  Breathing, — Standing  at  the  patient's  head,  grasp 
the  arms  just  above  the  elbows,  and  draw  the  anas  gently  and  steadily  upwards 
above  the  head,  and  keep  them  stretched  upwards  for  two  seconds.  By  this  means 
air  is  drawn  into  the  lungs.  Then  turn  down  the  patient's  arms,  and  press  them 
gently  and  firmly  for  two  seconds  against  the  sides  of  the  diest.  By  this  means 
air  is  pressed  out  of  the  lungs.  Repeat  these  measaree  alternately,  deliberately, 
and  perseveringly  about  fifteen  times  in  a  minute,  until  a  spontaneous  effort  to 
respire  is  perceived,  immediately  upon  which  cease  to  imitate  the  movements  of 
breathing,  and  proceed  to  induce  drcidation  and  warmth.'^ 

Howard  advises  rhythmical  compression  of  the  chest  and  abdomsn  by  sitting  like 
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ft  rider  astride  of  the  body,  while  SchuUer  adyiseB  that  the  lower  ribs  be  seized  from 
aboye  with  both  hands  and  raised,  whereby  the  chest  is  dilated,  especially  when 
the  thigh  is  pressed  against  the  abdomen  to  compress  the  abdominal  walls.  The 
chest  is  compressed  by  laying  the  hands  flat  npon  the  hypochondria.  Artificial 
respiration  acts  favourably  by  supplying  0  to,  as  well  as  removing  CO^  from,  the 
blood ;  farther,  it  aids  the  movement  of  the  blood  within  the  heart  and  in  the 
large  vessels  of  the  thorax.  If  the  action  of  the  heart  has  ceased,  recovery  is 
impossible.  In  asphyxiated  newly-born  children,  we  mast  not  cease  to  perform 
artificial  respiratioD  too  soon.  Even  when  the  result  appears  hopeless,  we  ought 
to  persevere.  Pfliiger  and  Zunts  observed  that  the  reflex  excitability  of  the  foetal 
heart  continued  for  aevercU  hours  after  the  death  of  the  mother. 

SOBUBCitatioil  by  compressing  the  heart.  Bohm  found  that  in  the  case  of 
cats  p<MSoned  with  potash  salts  or  chloroform,  or  asphyxiated,  so  as  to  arrest 
respiration  and  the  action  of  the  heart — even  for  a  period  of  forty  minutes— and 
even  when  the  pressure  within  the  carotid  had  fallen  to  zero,  he  could  restore 
animation  by  rhyihmiocU  eompreuhn  qf  the  heart,  combined  with  artificial  respira- 
tion. The  compression  of  the  heart  causes  a  slight  movement  of  the  blood,  while 
it  acts  at  the  same  time  as  a  rhythmical  cardiac  stimulus.  After  recovery  of 
the  respiration,  the  reflex  excitability  is  restored,  and  gradually  also  voluntary 
movements.  The  animals  are  blind  for  several  days,  the  brain  acts  slowly,  and 
the  urine  contains  sugar.  These  experiments  show  how  important  it  is  in  cases 
of  asphyxia  to  act  at  the  same  time  upon  the  heart. 

For  physiological  pnrpOSeSi  artificial  respiration  is  often  made  use  o(  especially 
after  poisoning  with  cnrara.  Air  is  forced  into  the  lungs  by  means  of  an  elastic 
bag  or  bellows,  attached  to  a  cannula  tied  in  the  trachea.  The  cannula  has  a 
small  opening  in  the  side  of  it  to  allow  the  expired  air  to  escape. 

Pathological* — After  the  lungs  have  once  been  properly  distended  with  air,  it 
IB  impossible  by  any  amount  of  direct  compression  of  them  to  get  rid  of  all  the  air. 
This  is  probably  due  to  the  pressure  acting  on  the  small  bronchi,  so  as  to  squeeze 
them,  before  the  air  can  be  forced  out  of  the  air-vesicles.  If,  however,  a  lung  be 
filled  with  COs,  and  be  suspended  in  water,  the  COs  is  absorbed  by  the  water, 
and  the  lungs  become  quite  free  from  air  and  are  atdectic  (Hermann  and  Keller). 
The  atelectasis,  which  sometimes  occurs  in  the  lung,  may  thus  be  explained : — II 
a  bronchus  is  stopped  with  mucus  or  exudaton,  an  accumulation  of  COs  in  the  air- 
vesicles  belonging  to  this  bronchus  occurs.  If  this  CO^  is  absorbed  by  the  blood 
or  lymph,  the  corresponding  area  of  the  lung  will  become  atelectic.  Sometimes 
there  is  spasm  of  the  respiratoiy  musdes,  brought  about  by  direct  or  reflex  stimu- 
lation of  the  respiratory  centre. 


369.  The  Centre  for  the  Inhibitory  Nerves  of 
the  Heart— (Cardio-Inhibitory). 

The  fibres  of  the  vagos  which,  when  moderately  stimulated,  diminish 
the  action  of  the  heart,  when  strongly  stimulated,  however,  arrest  its 
action,  and  cause  it  to  stand  still  in  diastole  (§  352,  7),  are  supplied  to 
the  vagus  through  the  spinal  accessory  nerve  (§  353),  and  have  their 
centre  in  the  medulla  oblongata. 

[Gaskell  has  shown  that  stimulation  of  the  vagus  not  only  influences 
the  rhythm  of  the  heart's  action,  but  it  modifies  the  other  functions  of 
the  cardiac  muscle.     Stimulation  of  the  vagus  influences — (a)  The 
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aiUomoHe  rhythm^  i.e,,  the  rate  at  which  the  heart  contracts  automatically; 
(5)  the  force  of  the  contractions,  more  especially  the  auricles,  although  in 
some  animals,  e.g.,  the  tortoise,  the  ventricles  are  not  affected;  (c) 
iiiepoioer  of  conduction^  Le.,  the  capacity  for  conducting  the  muscular 
contractions.  According  to  Gaskell,  the  vagus  acts  upon  the  rhythmical 
power  of  the  muscular  fibres  of  the  heart] 

This  centre  may  be  excited  directly  in  the  meduUa,  and  also  reflexly 
by  stimulating  certain  afferent  nerves. 

Many  observers  assume  that  this  centre  is  in  a  state  of  tonic  excUement,  i.e.,  that 
there  is  a  continuous,  uninterrupted,  regulating,  aod  inhibitory  action  of  this  centre 
upon  the  heart  through  the  fibres  of  the  vagus.  According  to  Bernstein,  this  tonic 
excitement  is  caused  reflexly  through  the  abdominal  and  cervical  sympathetic. 

I.  Direct  Stimulation  of  the  Centre.— This  centre  may  be  stimulated 
directly  by  the  same  stimuli  that  act  upon  the  respiratory  centre.  1. 
Sudden  ancemia  of  the  oblongata,  by  ligature  of  both  carotids,  both 
subclavians,  or  decapitating  a  rabbit,  the  vagi  alone  being  left  undivided, 
causes  slowing,  and  even  temporary  arrest  of  the  action  of  the  heart. 
2.  Sudden  venous  hypercemia  acts  in  a  similar  manner,  and  it  can  be 
produced  by  ligaturing  all  the  veins  returning  from  the  head  (Landois, 
Hermann  and  Escher).  3.  The  increased  venosiiy  of  the  blood,  produced 
either  by  direct  cessation  of  the  respirations  (rabbit),  or  by  forcing  into 
the  lungs  a  quantity  of  air  containing  much  COj  (Traube).  As  the 
circulation  in  the  placenta  (the  respiratory  organ  of  the  foetus)  is 
interfered  with  during  severe  labour,  this  sufficiently  explains  the 
constant  enfeeblement  of  the  action  of  the  heart  during  protracted 
labour — ^it  is  due  to  stimulation  of  the  central  end  of  the  vagus  by  the 
dyspnoeic  blood  (B.  S.  Schultze).  4.  At  the  moment  the  respiratory 
centre  is  excited,  and  an  inspiration  occurs,  there  is  a  variation  in  the 
inhibitory  activity  of  the  cardiac  centre  (Bonders,  Pfliiger,  Fr6d6ricq — 
§  74,  a.  4).  5.  The  centre  is  excited  by  increased  blood-pressure  within 
the  cerebral  arteriea 

II.  The  cardio-inhibitory  centre  may  be  excited  reflexly — 1.  By 
stimulation  of  sensory  nerves  (Lov^n,  Kratschmer).  2.  By  stimulation 
of  the  central  end  of  one  vagus,  provided  the  other  vagus  is  intact 
(v.  Bezold,  Bonders,  Aubert,  and  £oever).  3.  By  stimuktion  of  the 
sensory  nerves  of  the  intestines  by  tapping  upon  the  belly  (Goltz's 
tapping  experiment)^  whereby  the  action  of  the  heart  is  arrested. 
Stimulation  of  the  splanchnic  directly  (Asp  and  Ludwig),  or  of  the- 
abdominal  or  cervical  sympathetic  (Bernstein)  produces  the  same  result. 
Very  strong  stimulation  of  sensory  nerves,  however,  arrests  the  above- 
named  reflex  effects  upon  the  vagus  (§  361,  3). 

Tapping  Experiment. — Groltz's  experiment  succeeds  at  once  by  tapping  the 
intestinea  of  a  firog  directly,  say  with  the  handle  of  a  scalpel,  especially  if  the 
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intestiiie  has  beea  exposed  to  the  air  for  a  short  time,  so  as  to  become  inflamed 
(Tarchanoff).  Stimulation  of  the  stomach  of  the  dog  causes  slowing  of  the  heart- 
l>eat  (Sig.  Mayer  and  Pribram). 

[M^William  finds  that  the  action  of  the  heart  of  the  eel  may  be  arrested  reflexly 
^th  very  great  facility.  The  reflex  inhibition  is  obtained  by  slight  stimulation  of 
the  gills  (through  the  branchial  nerves),  the  skin  of  the  head  and  tail  and  parietal 
peritoneum,  and  in  fact,  by  severe  injury  of  almost  any  part  of  the  animal,  except 
the  abdominal  organs.] 

[Effect  of  Swallowing  Fluids. — Kronecker  has  shown  that  the  act 
of  swallowing  interferes  with  or  abolishes  temporarily  the  cardio- 
inhibitoiy  action  of  the  vagus,  so  that  the  pulse-rate  is  greatly  accelerated. 
Merely  sipping  a  wine-glass  full  of  water  may  raise  the  rate  thirty 
per  cent.  Hence,  sipping  cold  water  acts  as  a  powerful  cardiac 
stimulant.] 

According  to  Heriog,  the  excitability  of  the  cardio-inhibitory  centre  ii  diminished 
by  vigorous  artificial  ventilation  of  the  lungs  with  atmospheric  air.  At  the  same 
time  there  is  a  considerable  fall  of  the  blood-pressure  (§  352,  8,  4). 

In  man,  a  vigorous  expiration,  owing  to  the  increased  intra-pulmooary  pressure, 
causes  an  acceleration  of  the  heart-beat,  which  Sommerbrodt  ascribes  to  a  diminu- 
tion of  the  activity  of  the  vagi.  At  the  same  time  the  activity  of  the  vaso-motor 
centre  is  diminished  (§  CO,  2). 

Stimulation  of  the  trunk  of  the  vagus  from  the  centre  downwards, 
^ong  its  whole  course,  and  also  of  certain  of  its  cardiac  branches  [inferior 
•cardiac],  causes  the  heart  either  to  beat  more  slowly  or  arrests  its  action 
in  diastole.  The  result  depends  upon  the  strength  of  the  stimulus 
employed,  feeble  stimuli  slow  the  action  of  the  heart,  while  strong 
stimuli  arrest  it  in  diastole.  The  frog  s  heart  may  be  arrested  by 
^stimulating  the  fibres  of  the  vagus  upon  the  sinus  venosus.  If  strcng 
stimuli  be  applied,  either  to  the  centre  or  to  the  course  of  the  nerve 
for  a  long  time,  the  part  stimulated  becomes  faiigued,  and  the  heart  beats 
more  rapidly  in  spite  of  the  continued  stimulation.  If  a  part  of  the 
nerve  lying  nearer  the  heart  be  stimulated,  inhibition  of  the  heart's 
action  is  brought  about,  as  the  stimulus  acts  upon  a  fresh  portion 
of  nerve. 

The  following  points  have  also  been  ascertained  regarding  the  stimulation  of  the 
inhibitory  fibres: — 

1.  The  experiments  of  L5wit  on  the  frog's  heart,  confirmed  by  Heidenhain, 
showed  that  electrical  and  chemical  stimulation  of  the  vagus  produces  different 
results  as  regards  the  extent  of  the  ventricular  systole,  as  well  as  the  number  of 
heart-beats;  the  contractious  either  become  smaller,  or  less  frequent,  or  they 
Ibecome  smaller  and  less  frequent  simultaneously.  Strong  stimuli  cause,  in  addition, 
'weU  marked  relaxation  of  heart-muscle  during  diastole. 

2.  In  order  to  cause  inhibition  of  the  heart,  a  eoatinuoui  stimulus  is  not  necessary. 

3.  Donders,  with  Prahl  and  Niiel,  observed  that  arrest  of  the  heart's 
action  did  not  take  place  immediately  the  stimulus  was  applied  to  the 
vagus,  but  about  ^th  of  a  second — ^period  of  latent  s^frnWo/um— elapsed 
before  the  effect  was  produced  on  the  heart 
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A  rhythmiectUy  intenvpied  modethto  vfamuluB  soflSoes  (v.  Bezold);  18>20  eiimiili. 
per  seoond  are  required  for  mammals,  and  2-3  per  second  for  cold-blooded  animals. 
If  the  heart  be  arrested  by  stimulation  of  the  vagus,  it  can  still  contract,  if  it  be 
excited  direcUy,  e.^.,  by  pricking  it  with  a  needle,  when  it  executes  a  single  con*' 
traction. 

5.  According  to  A.  B.  Meyer,  inhibitory  fibres  are  present  only  in  the  right 
vagus  in  the  turtle.  It  is  usually  stated  that  the  right  vagus  is  more  effective  than 
the  left  in  other  animals  {e,g.,  rabbit — ^Masoin,  Arloing  and  Tripier) ;  but  this  i& 
subject  to  many  exceptions  (Landpis  and  Langendorff). 

6.  The  vagus  has  been  compressed  by  the  finger  in  the  neck  of  man  (Csoermaky 
Concato) ;  but  this  experiment  is  accompanied  by  danger,  and  ought  not  to  be 
undertaken.    The  electrotonic  condition  of  the  vagus  is  stated  in  §  335,  III. 

7.  Schiff  found  that  stimulation  of  the  vagus  of  the  frog  caused  acceleration  of 
the  heart-beat,  when  he  displaced  the  blood  of  the  heart  with  saline  solution.  If 
blood-serum  be  supplied  to  the  heart,  the  vagus  regains  its  inhibitory  action. 

8.  Many  soda  salts  in  a  proper  concentration  arrest  the  inhibitory  action  of  the 
vagus,  while  potash  salts  restore  the  inhibitoiy  function  of  the  vagi  suspended  by 
the  soda  salts.  If,  however,  the  soda  or  potash  salts  act  too  long  upon  the  heart, 
they  produce  a  condition  in  which,  after  the  inhibitory  function  of  the  vagi  i» 
abolished,  it  is  not  again  restored.  The  heart's  action  in  this  condition  is  usually 
arhythmical  (Lowit). 

9.  If  the  intracardial  pressure  be  greatly  increased,  so  as  to  accelerate  greatly 
the  cardiac  pulsations,  the  activity  of  the  vagus  is  correspondingly  diminished. 
(J.  M.  Ludwig  and  Luchsinger). 

Poisons. — Muacarin  stimulates  the  terminations  of  the  vagus  in  the  heart»  and 
causes  the  heart  to  stand  still  in  diastole  (Schmiedeberg  and  Koppe).  If  aJtropm 
be  applied  in  solution  to  the  heart  this  action  is  set  aside,  and  the  heart  begins  to* 
beat  again.  Digitalin  diminishes  the  number  of  heart-beats  by  stimulating  the 
cardio-inhibitory  centre  (vagus)  in  the  medulla.  Liarge  doses  diminish  the 
excitability  of  the  vagus  centre,  and  increase  at  the  same  time  the  accelerating- 
cardiac  ganglia,  so  that  the  heart-beats  are  thereby  increased.  In  small  dosesi 
digitalin  raises  the  blood-pressure  by  stimulating  the  vaso-motor  centre  and  the 
elements  of  the  vascular  wall  (Klug).  Nicotin  first  excites  the  vagus,  then  rapidly 
paralyses  it  (Schmiedeberg).  Hydrocyanic  acid  has  the  same  effect  (Preyer). 
Atropin  (v.  Bezold)  and  curara  (large  doee — Q.  Bernard  and  KOlliker)  paralyse 
the  vagi,  and  so  does  a  very  low  temperature  or  high  fever. 


370.  The  Centre  for  the  Accelerating  Cardiac  Nervea 

and  the  Accelerating  Fibres. 

Nervns  Accelerans. — It  is  more  than  probable  that  a  centre  exists 
in  the  medulla  oblongata,  which  sends  accelerating  fibres  to  the  hearts 
These  fibres  pass  from  the  medulla  oblongata — ^but  from  which  part 
thereof  has  not  been  exactly  ascertained — through  the  spinal  cord,  and 
leave  the  cord  through  the  rami  communicantes  of  the  lower  cervical 
and  upper  six  dorsal  nerves  (Strieker),  to  pass  into  the  sympatheiia 
nerve.  Some  of  these  fibres,  issuing  from  the  spinal  cord,  pass  througk 
the  first  thoracic  sympathetic  ganglion  and  the  ring  of  Vieussens,  to 
join  the  cardiac  plexus  (Figs.  349  and  350).  [These  fibres^ 
issuing  from  the  spinal  cord,  frequently  accompany  the  nerve  runnini^ 
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along  the  Tertefaral  arteiy],  and  they  constitute  the  Nervut  accelfraiu 
eordit.  If  the  vagi  of  ui  animal  be  divided,  atimnlation  of  the  medolU 
oblongata,  of  the  lover  end  of  the  divided  cervical  spinal  cord,  even  the 
lower  cervical  ganglion,  or  of  the  upper 
dorsal  ganglion  of  the  sympathetic  {Gang. 
sUUatum),  causes  acceleration  of  the 
heart-beats  in  iha  dog  and  rabbit,  without 
the  blood-presBure  undergoing  any  change 
(CI,  Bernard,  v.  Bezold,  Cyon,  Schmiede- 
bei^). 

Od  Btlmtilatiiig  the  medoUa  obloDgata,  or  the 
cervical  portion  of  the  apiiial  cord,  (he  nuo- 
tnotor  nervet  ore,  of  course,  tiinu]taneoiul]r 
excited.  The  consequence  \a  that  the  blood- 
veueli,  supplied  by  voaO'motor  nerves  tmm  the 
spot  which  is  itimulated,  contract,  and  the 
blood-pressure  is  greatly  increased.  Again,  a 
umple  increase  of  the  blood-preasure  aooeleratei 
the  action  of  the  beHrt ;  this  experiment  does 
aot  prove  directly  the  existence  of  aocelerating 
fibre*  lying  in  the  upper  part  of  the  spinal  cord. 
If,  however,  the  splanchnic  nerves  be  divided 
beforehand,  and,  oa  they  supply  the  largest 
vaao-motor  area  in  the  body,  the  result  of  HuAt 
division  is  to  cause  a  great  fall  of  the  blood- 
pressure  (p.  319),  then  on  stimiilatiiig  the  above- 
named  parts  after  this  operaticm,  the  heart- 
beats are  still  increased  in  Dumber,  so  that 
this  increase  cannot  be  due  to  the  increaaed 
blood-pressure.  Indirectly  it  may  be  shown, 
by  dividing  or  extirpating  all  the  nerves  of 
the  cardiac  plexus,  or  at  least  all  the  nerves 
going  to  tliB  heart,  that  stimulation  of  the 
medulla  oblongata,  or  cervical  part  of  the  spinal 
cord,  no  longer  causes  an  increased  frequency  of 
tlie  heart's  action  to  the  same  extent  as  b^ore 
division  of  these  nerves.  The  slightly  inoreased 
frequency  in  this  case  is  due  to  the  increased 
blood-pressure. 

[Fig.  350  shows  the  accelerator  fibres  passing  throngh  the  ganglion 
Btellatum  of  the  cat  to  join  the  cardiac  plexus.] 

The  accelerating  centre  is  certainly  not  continually  in  a  state  of 
tank  excitement,  as  section  of  the  accelerans  nerves  does  not  cause 
slowing  of  the  action  of  the  heart ;  the  same  is  true  of  destraction  of  the 
medolla  oblongata  or  of  the  cervical  spinal  cord.  In  the  latter  case  the 
splanchnic  nerves  must  be  divided  beforehand,  to  avoid  the  slowing 
effect  on  the  action  of  the  heart;  produced  by  the  great  fall  of  the 
blood-pressure  consequent  upon  destruction  of  the  cord,  otherwise  we 


Fig.  340. 
Scheme  of  the  course  of  the 
aocelerans  fibres  —  P,  pons; 
H  O,  medulla  oblongata ;  C, 
spinal  oord ;  V,  inhibitory 
centre  for  heart;  A,  accelerans 
oontee ;  Vao.  ,  vagus ;  S  L, 
superior,  IL,  inferior  laryn- 
geal; 8C,  superior,  IC,  in 
ferior  cardiac ;  H,  heart ; 
C,  cerebral  impulse ;  S,  cer- 
vical sympathetic ;  a,  a,  ac- 
oderans  fibres. 


THE  CABDUO  FLSZVS. 


roight  be  apt  to  aacribe  ttie  result  to  the  action  of  the  aecelerating 
centre,  when  it  is  in  reality  due  to  the  diminished  blood-preBSore 
(BrotherB  Cyon), 


Fig.  3fi0. 
CardiM  plexni,  *iid  goaglion  stsllBtain  of  the  tut — R,  right;  L,  left  x  H;  1, 
vagas;  2',  oervicAl  Bympntbetic,  and  in  ths  uumliu  of  VienMent;  2,  oom- 
mnniottiiig  branches  from  the  middle  cerviul  ganglion  and  the  ganglion 
stellatom;  2",  thoracio  sympathetic;  3,  recnirent  UTjngeAl;  4,  depreoor 
nerve;  S,  middle  cervical  ganglion;  6',  communioation  between  Band  the 
ngna;  6,  ganglion  stellatum (let thoracic  gangUon);7,aommmiicatiagbranohefl 
iritb  the  Tagua ;  8,  nervoa  accelerans ;  8,  6',  8',  roota  of  acoelenna ;  9,  branoh 
of  the  ganglion  stellatnm  (Knott,  after  Btthm), 

According  to  the  results  of  the  older  obeeirera  (v,  Bezold  and  others), 
some  accelerating  fibres  run  in  the  cervieal  m/mpathelk.  A  few  fibres 
pass  through  the  vague  to  reach  the  heart  ($  352,  7 — ^p.  818),  and 
when  they  are  stimulated,  the  heart-beat  is  accelerated  and  the 
«ardiac  contractions  strengthened  (Heidenhain  and  Lowit).  The 
inhibitory  fibres  of  the  vagus  lose  their  excitability  more  readily  than 
the  accelerating  fibres,  but  tlte  vagus  fibres  are  more  excitable  than 
those  of  the  accelerans. 

Kodifying  Conditioill-~-When  the  peripheral  end  of  the  tittviu  aecelertau  !■ 
etimnlatad,  a  oonddenble  time  elapeei  before  the  efieat  npon  the  freqiuniay  of  the 
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keiri  tdEM  pkot— ie.,  ift  lias  »  long  Utnt  period.  Farther,  the  aooelenitioa 
thus  produced  din^peMS  graditilly.  If  the  Tagos  and  acoeleraiis  fibres  be 
istimiilated  simnltaxieoasly,  only  the  inhibitory  action  of  the  vagus  is  manifested. 
If,  while  the  aeceUrans  is  being  stimulated,  the  vagus  be  suddenly  excited,  there 
is  a  proiift  dinnstfai  in  the  nomber  of  the  heart-beats ;  and  if  the  stimulation 
of  the  vj^gu  is  sloppad,  the  aooelerattng  elfeot  of  the  aooelenns  is  i^ain  rapidly 
manifested  (GL  I^idwig,  nith  Sohmiedebety,  Bowditdh,  Baxt).  Aooording  to 
the  ezperDBflnis  of  Strieker  and  Wagner  on  dogs»  nith  both  vagi  divided,  a 
diminution  of  the  number  of  the  heart-beats  oocurred  when  both  aooeleimntes  were 
divided.    This  wonld  indicate  a  tonic  innervation  of  the  latter  nerves. 


[Acceleniui  in  the  Frog. — Gaskell  showed  that  stimulation  of  the 
yagus  might  prodooe  two  of^)osing  effects ;  the  one  of  the  nature  of 
inhibition^  the  other  of  angmentation.  In  the  crocodile,  the  accelerans 
fibres  leare  the  sympathetic  chain  at  the  laxge  ganglion  corresponding 
to  the  ganglion  steUatmn  of  the  dog,  and  run  along  the  vertebral 
artery  up  to  the  superior  Tena  cava^  and,  after  anastomosing  with 
branches  of  the  TagOB,  pass  to  the  heart  ^Stimulation  of  these  fibres 
increases  the  rais  of  the  cardiac  ribiythm,  and  augments  the  force  of 
auricular  cmtnctions;  while  stimnlaticm  of  the  Tagos  slows  the 
rhythm,  and  diminishes  the  strength  of  the  anricolar  contractions.'^ 
The  stremgtk  of  the  venkicular  contraction,  both  in  the  tortoise  and 
crocodile^  does  not  seem  to  be  influenced  by  stimulation  of  the  vagus,  and 
probably  also  it  is  unaffected  by  the  sympathetic.  The  so-called  vagus 
of  the  bog  in  reality  consists  of  pure  vagus  fibres  and  sympathetic 
fibres,  and  is  in  hxt  a  vago-sympathetic  Graskell  finds  that  sUmulaiion 
of  the  syn^paihetiCy  before  it  joins  the  combined  ganglion  of  the  sympa- 
thetic and  vagus,  produces  purely  augmerUor,  or  accelerating  effects; 
while  stimtiiaiion  of  the  fxigus,  before  it  enters  the  ganglion^  produces 
purely  inhUniory  effects.  The  two  sets  of  fibres  are  quite  distinct,  so 
that  in  the  frog,  the  sympathetic  is  a  purely  augmentor  (accelerator),  aud 
the  vagus  a  purely  inhibitory  nerve.  Acceleration  is  merely  one  of 
the  effects  produced  by  stimulation  of  these  nerves,  so  that  Gaskell 
SQggests  that  they  ought  to  be  called  '^  augmentor,''  or  simply  cardiac 
sympathetic  nerves.] 

371.  Vaso-Motor  Centre  and  Vaso-Motor  Nerves. 

Va8«-motor  Centre. — The  chief  general  or  dominating  centre  which  sup- 
^es  all  the  non-striped  muscles  of  the  arterial  system  with  moior  nerves 
(vaso^motor,  vaso-constrictor,  vaso-hypertonic  nerves)  lies  in  the  medulla 
oblongata,  at  a  point  which  contains  many  ganglionic  cells  (Ludwig 
and  Thiry).  Those  nerves  which  pass  to  the  blood-vessels  are  known 
as  vaso-motor  nerves.  The  centre  (which  is  3  millimetres  long,  and 
1^  millimetres  broad  in  the  rabbit),  reaches  from  the  region  of  the 
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upper  part  of  the  floor  of  the  medulla  oblongata  to  within  4-5  mm.  of 
the  calamus  scriptorius.  Each  half  of  the  body  has  its  own  centre, 
placed  2^  millimetres  from  the  middle  line  on  its  own  side,  in  that 
part  of  the  medulla  oblongata  which  represents  the  upward  continuation 
of  the  lateral  columns  of  the  spinal  cord ;  according  to  Ludwig  and 
Owsjannikow,  and  Dittmar,  in  the  lower  part  of  the  superior  olives. 
Siimulaiion  of  this  central  area  causes  contraction  of  all  the  arteries, 
and  in  consequence  there  is  great  increase  of  the  arterial  blood-pressure, 
resulting  in  swelling  of  the  veins  and  heart.  Paralysis  of  this  centre 
causes  relaxation  and  dilatation  of  all  the  arteries,  and  consequently 
there  is  an  enormous  fall  of  the  blood-pressure.  Under  ordinary 
circumstances,  the  vaso-motor  centre  is  in  a  condition  of  moderate  tonic 
excitement  (§  36G).  Just  as  in  the  case  of  the  cardiac  and  respiratory 
centres,  the  vaso-motor  centre  may  be  excited  directly  and  reflexly. 

[Position — How  Ascertained. — Ab  stimulation  of  the  central  end  of  a 
sensory  nerve,  e.g.,  the  sciatic,  in  an  animal  under  the  influence  of 
curara,  causes  a  rise  in  the  blood-pressure  even  after  removal  of  the 
cerebrum,  it  is  evident  that  the  centre  is  not  in  the  cerebrum  itself. 
By  making  a  series  of  sections  from  above  downwards  it  is  found,  that 
this  reflex  effect  is  not  affected  until  a  short  distance  above  the 
medulla  oblongata  is  reached.  If  more  and  more  of  the  medulla 
oblongata  be  removed  from  above  downwards,  then  the  reflex  rise 
of  the  blood-pressure  becomes  less  and  less  until,  when  the  section  is 
made  4-5  mm.  above  the  calamus  scriptorius,  the  effect  ceases  alto- 
gether. This  is  taken  to  be  the  lower  limit  of  the  general  vaso-motor 
centre.  The  bilateral  centre  corresponds  to  some  large  multipolar 
nerve-cells,  described  by  Clarke  as  the  antero-lateral  nucleus.] 

I.  Direct  Stimulation  of  the  Centre. — The  amount  and  quality  of  the 
gases  contained  in  the  blood  flowing  through  the  medulla  are  of  primary 
importance.  In  the  condition  of  apnoea  (§  368,  1),  the  centre  seems  to 
be  very  slightly  excited,  as  the  blood-pressure  undergoes  a  considerable 
decrease. 

When  the  mixture  of  blood  gases  is  such  as  exists  under  normal 
circumstances,  the  centre  is  in  a  state  of  moderate  excitement,  and 
running  parallel  with  the  respiratory  movements  are  variations  in  the 
excitement  of  the  centre  (Traube-Hering  curves — ^p.  174),  these  varia* 
tions  being  indicated  by  the  rise  of  the  blood-pressure.  When  the 
blood  is  highly  venous,  produced  either  by  asphyxia  or  by  the  inspira- 
tion of  air  containing  a  large  amount  of  CO2,  the  centre  is  strongly 
excited,  so  that  all  the  arteries  of  the  body  contract,  while  the  venous 
system  and  the  heart  become  distended  with  blood  (Thiry).  At  the 
same  time  the  velocity  of  the  blood-stream  is  increased  (Heidenhain). 
The  same  result  is  produced  by  sudden  anaemia  of  the  oblongata^  bj 
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figatnre  of  both  the  carotid  and  subclavian  arteries  (Nawalichin,  Sigm. 
Mayer),  and,  no  donbt,  also  by  the  sadden  stagnation  of  the  blood  in 
venous  hyperemia. 

Action  of  Poisons^—^^'^cAmn  stimulates  the  centre  directly,  even  in  cnrarifled 
dogs,  and  ao  do  nicotin  and  Calahar  (eon. 

Emptiness  of  the  Arteries  after  Death*— The  venosity  of  the  blood,  which 

occurs  after  death,  always  produces  an  energetic  stimulation  of  the  Taso-motor 
centre,  in  consequence  of  which  the  arteries  are  firmly  contracted.  The  blood  is 
thereby  forced  towards  the  capillaries  and  veins,  and  thus  is  explained  the  ''empti- 
ness of  the  arteries  after  death." 

Effect  on  HsBmorrhage.—Blood  flows  much  more  freely  from  large  wounds 
when  the  vaso-motor  centre  is  intact  than  if  it  be  destroyed  (frog).  As  psychics! 
excitement  undoubtedly  influences  the  vaso-motor  centre,  we  may  thus  explain  the 
influence  of  psychical  excitement  (speaking,  &o.),  upon  the  cessation  of  haemorr- 
hage. If  the  haemorrhage  be  severe,  stimulation  of  the  medulla  oblongata,  due  to 
the  anaemia,  may  ultimately  cause  constriction  of  the  small  arteries,  and  thus  arrest 
the  bleeding.  Thus,  surgeons  are  acquainted  with  the  fiwst,  that  dangerous  haemorr- 
hage is  often  arrested  as  soon  as  unconsciousness,  due  to  cerebral  anaemia,  occura. 
If  the  heart  be  ligatured  in  a  frog,  all  the  blood  is  ultimately  forced  into  the  veins, 
and  this  result  is  also  due  to  the  anaemic  stimulation  of  the  oblongata  (Goltz).  In 
mammaUy  when  the  heart  is  ligatured,  the  equilibration  of  the  blood-pressure 
between  the  arterial  and  venous  systems  takes  place  more  slowly  when  the  medulla 
oblongata  is  destroyed  than  when  it  is  intact  (v.  Bezold,  Gscheidlen). 

[Effect  of  Destruction  of  the  Vaso-motor  centre.— If  two  frogs  be  pithed 

and  their  hearts  exposed,  and  both  be  suspended,  then  the  hearts  of  both  will  be 
found  to  beat  rhythmically  and  fill  with  blood.  Destroy  the  medulla  oblongata 
and  spinal  cord  of  one  of  them,  then  immediately  in  this  case,  the  heart,  although 
continuing  to  beat  with  an  altered  rhythm,  ceases  to  be  filled  with  blood,  it 
appears  collapsed,  pale,  and  bloodless.  There  is  a  great  accumulation  of  the 
blood  in  the  abdominal  organs  and  veins,  and  it  is  not  returned  to  the  heart  so 
that  the  arteries  are  empty.  This  experiment  of  Goltz  is  held  to  show  the 
existence  of  venous  tonus  depending  on  a  cerebro-spinal  centre.  If  a  limb  of  this 
frog  be  amputated,  there  is  little  or  no  haemorrhage,  while  in  the  other  frt>g,  the 
haemorrhage  is  severe.  The  bearing  of  this  experiment  on  conditions  of  "  shock  " 
is  evident.] 

Direct  Electrical  Stimnlation.— On  stimulating  the  centre  directly  in  animals, 
it  is  found  that  single  induction  shocks  only  become  effective  when  they  succeed 
each  other  at  the  rate  of  2  to  3  shocks  per  second.  Thus  there  is  a  "snmma- 
tion  "  of  the  single  shocks.  The  maximum  contraction  of  the  arteries,  as  expressed 
by  the  maximum  blood-pressure  is  reached,  when  10-12  strong^  or  20-25  moderately 
strong  shocks  per  second  are  applied  (Eronecker  and  Nicolaides.) 

Conrse  of  the  Vaso-motor  Nerves.— From  the  vaso-motor  centre  some  fibres 
proceed  directly  through  some  of  the  cranial  nerves  to  their  area  of  distribution ; 
through  the  trigeminus  partly  to  the  interior  of  the  eye  (§  347, 1.,  2)),  through  the 
lingual  and  hypoglossal  to  the  tongue  (§  347,  HI.,  4),  through  the  vagus  to  a 
limited  extent  to  the  lungs  (§  352,  8,  2),  and  to  the  intestines  (§  352,  11). 

All  the  other  vaso-motor  nerves  descend  in  the  lateral  columns  of  the  spinal 
cord  (§  364,  9) ;  hence,  stimulation  of  the  lower  cut  end  of  the  spinal  cord  causes 
contraction  of  the  blood-vessels  supplied  by  the  nerves  below  the  point  of  section 
(Pfliiger).  In  their  course  through  the  cord,  these  fibres  form  oonnections  with 
the  subordinate  vaso-motor  centres  in  the  grey  matter  qf  the  cord  (§  362,  7))  and 
then  leave  the  cord  either  directly  through  the  anterior  roots  of  the  spinal  nerves 
to  their  areas  of  distribution,  or  they  pass  through  the  rami  oommnnicantes  into 
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the  sympatlietic,  and  from  it  reach  the  blood- ^eaaela  to  which  they  are  dis- 
tributed. 

Oephalio  VaBO-motorS. — ^The  following  is  the  arrangement  of  these  nerves  in 
the  r^on  of  the  head  :^The  cerviecd  portion  qf  the  sympathetic  supplies  the  great 
minority  of  the  blood-yessels  of  the  head  (see  Sympatheiie,  §  356,  A,  &— CI. 
Bernard).  In  some  animals,  the  great  aurieuiar  nerve  sapplies  a  few  vaso- 
motor fibres  to  its  own  area  of  distribution  (Schiff,  Lovte,  Moreau).  The 
vaso-motor  nerves  to  the  upper  eztremitieB  pus  through  the  anterior  roots  of  the 
middle  dorsal  nerves  into  the  thoracic  sympathetic,  and  upwards  to  the  first 
thoracic  ganglion,  and  from  thence  through  the  rami  oommnnicantes  to  the 
brachial  plexus  (Schif^  Gyon).  The  skin  of  the  tnuik  receives  its  vaso-motor 
nerves  through  Uie  dorsal  and  lumbar  nerves.  The  vaso-motor  nerves  to  the 
lower  extremities  pass  through  the  nerves  of  the  lumbar  and  sacral  plexuses 
into  the  sympathetic,  and  from  thence  to  the  lower  limbs  (Pfluger,  Schiff,  CL 
Bernard).  The  liingB,  in  addition  to  a  few  fibres  through  the  vagus,  are  supplied 
from  the  cervical  spinal  cord  through  the  first  thoracic  ganglion  (Brown-S6quard, 
Fick  and  Badoud,  Lichtheim).  The  splanchnic  is  the  greatest  vaso-motor  nerve  in 
the  body,  and  supplies  the  abdominal  viflcera  (§  356,  B — v.  Bezold,  Ludwig  and 
Cyoo).  The  vaso-motor  nerves  of  the  liver  (§  173,  6),  Iddnej  (§  276),  and 
spleen  (§  103)  have  been  referred  to  already.  According  to  Strieker,  most  of  the 
vaso-motor  nerves  leave  the  spinal  cord  between  the  fifth  cervical  and  the  first 
dorsal  vertebre. 

As  a  general  rule,  the  blood- vesseb  of  the  trunk  and  extremities  are  innervated 
from  those  nerves  which  give  other  fibres  {e,g.t  sensory)  to  those  regions.  The 
difierent  vascular  areas  behave  differently  witii  regard  to  the  intensity  of  the  action 
of  the  vaso-motor  nerves.  The  most  powerful  vaso-motor  nerves  are  those  that  act 
upon  the  blood-vessels  of  peripheral  parts,  e,g,,  the  toes,  fingers,  and  ears  ;  while 
those  that  act  upon  central  parts  seem  to  be  less  active  (Lewaschew),  e.g.,  on  the 
pulmonic  circulation  (§  88). 

II.  Reflex  stimulation  of  the  Centre. — ^There  are  fibres  contained  in 
the  different  afferent  nerves  whose  stimulation  affects  the  vaso-motor 
centre.  There  are  nerve-fibres  whose  stimulation  excites  the  vaso-motor 
centre,  thus  causing  a  stronger  contraction  of  the  arteries,  and  conse- 
quently an  increase  of  the  arterial  blood-pressure.  These  are  called 
'^pressor"  fibres.  Conversely,  there  are  other  fibres  whose  stimulation 
reflexly  diminishes  the  excitabUity  of  the  vaso-motor  centre.  These  act 
as  reflex  inhibitory  nerves  on  the  centre,  and  are  known  as  ^'depressor" 
nerves. 

Pressor,  or  excito-vaso-motor  nerves,  have  already  been  referred  to  in 
connection  with  the  superior  and  inferior  laryngeal  nerves  (§  352, 12,  a); 
in  the  trigeminus,  which,  when  stimulated  directly  (p.  803)  causes  a 
pressor  action,  as  well  as  when  stimulating  vapours  are  blown  into  the 
nostrils  (Hering  and  Kratschmer).  [The  rise  of  the  blood-pressure  in 
this  case,  however,  is  accompanied  by  a  change  in  the  character  of  the 
heart's  beat,  and  in  the  respirations.  Rutherford  has  shown  that  in 
the  rabbit  the  vapour  of  chloroform,  ether,  amylic  nitrite,  acetic  acid 
or  ammonia,  held  before  the  nose  of  a  rabbit  greatly  retards  or  even 
arrests  the  heart's  action,  and  the  same  is  true  if  the  nostrils  be  closed 
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by  the  hand.  This  aiTV«t  does  not  occur  if  the  trachea  be  opened, 
and  Rutherford  regards  the  result  as  due  not  to  the  stimulation  of  the 
sensory  fibres  of  the  trigeminus,  but  to  the  siaU  of  the  blood  acting  on 
the  cardio>inhibitory  nerve  apparatus.]  Hubert  and  Soever  found 
pressor  fibres  in  the  cervical  sympathetic;  S.  Mayer  and  Pribram  found 
that  mechanical  stimulation  of  the  stomach,  especially  of  its  serosa^ 
caused  pressor  effects  (§  352,  12,  c).  According  to  Lov^,  the  ^rs^ 
effect  of  stimulating  eveiy  sensory  nerve  is  a  pressor  action. 

[If  a  dog  be  poisoned  with  curara,  and  the  central  end  of  one  sciatic 
nerve  be  stimulated,  there  is  a  great  and  steady  rise  of  the  blood- 
pressure,  chiefly  owing  to  the  contraction  of  the  abdominal  blood- 
vessels, and  at  the  same  time  there  is  no  change  in  the  heart-beat. 
If,  however,  the  animal  be  poisoned  with  chloral,  there  is  a  fall  of  the 
blood-pressure  resembling  a  depressor  effect] 

O.  Naumann  foand  that  toeak  electrical  stiiinilation  of  the  akin  canaed  at  first 
contraction  of  the  blood-vettelfl,  especially  of  the  mesentery,  lungs,  and  the  web, 
with  simultaneous  excitement  of  the  cardiac  activity  and  acceleration  of  the 
circulation  (frog).  Strong  stimuli,  however,  had  an  opposite  effect,  i.e.,  a  depressor 
effect,  with  simultaneous  decrease  of  the  cardiac  activity.  The  application  of  heal 
and  cold  to  the  skin  produces  reflexly  a  change  in  the  lumen  of  the  blood-vessels 
and  in  the  cardiac  activity  (Rohiig,  Wintemitz).  Pinching  the  skin  causes 
contraction  of  the  vessels  of  the  pia  mater  of  the  rabbit  (SchUUer),  and  the  same 
result  was  produced  by  a  warm  bath,  while  cold  dilated  the  vessels.  These 
results  are  due  partly  to  pressor  and  partly  to  depressor  eflfeots,  but  the  chief 
cause  of  the  dilatation  of  the  blood-vessels  is  the  increased  blood-pressure  due  to  the 
cold  constricting  the  cutaneous  vessels.     Heat,  of  course,  has  the  opposite  effect. 

Depressor  fibres,  i.e,,  fibres  whose  stimulation  diminishes  the  activity 
of  the  vaso-motor  centre,  are  present  in  many  nerves.  They  are 
specially  numerous  in  the  superior  cardiac  branch  of  the  vagus,  which  is 
known  as  the  depressor  nerve  (§  352,  6). 

The  trunk  of  the  vagus  below  the  latter,  also  contains  depressor  fibres 
(v.  Bezold  and  Dreschfeld),  as  well  as  the  pulmonary  fibres  (dog — Taljan- 
zefi).  The  latter  also  act  as  depressors  during  strong  expiratory  efforts 
(p.  149);  while  Hering  found  that  inflating  the  lungs  (to  50  mm. 
Hg.  pressure)  caused  a  fall  of  the  blood-pressure  (and  also  accelerated 
the  heart-beats — §  369,  II.).  Stimulation  of  the  central  end  of  sensory 
nerves,  especially  when  it  is  intense  and  long-continued,  causes  dilata- 
tion of  the  blood-vessels  in  the  area  supplied  by  them  (Lov^n). 

According  to  Latschenberger  and  Deahna,  all  sensory  nerves  contain 
both  pressor  and  depressor  fibres. 

[If  a  rabbit  be  poisoned  with  curara,  and  the  ceniral  end  of  the  greai 
auricular  nerve  be  stimulated,  there  is  a  double  effect — one  local  and  the 
other  general ;  the  blood-vessels  throughout  the  body,  but  especially  in 
the  splanchnic  area,  contract,  so  that  there  is  a  general  rise  of  the 
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blood-pressure,  while  the  blood-vessels  of  the  ear  are  dilated.  If  the 
central  end  of  the  tibial  nerve  be  stimulated,  there  is  a  rise  of  the 
general  blood-pressure,  but  a  local  dilatation  of  the  saphena  artery 
in  the  limb  of  that  side  (Lov^).  Again,  the  temperature  of  one 
hand  and  the  condition  of  its  blood-vessels  influences  that  of  the  other. 
If  one  hand  be  dipped  in  cold  water,  the  temperature  of  the  other  hand 
falls.  Thus  pressor  and  depressor  effects  may  be  obtained  from  the 
same  nerve.  The  vaso-motor  centre,  therefore,  primarily  regulates  the 
condition  of  the  blood-vessels,  but  through  them  it  obtains  its  import- 
ance by  regulating  and  controlling  the  blood-8uppIy,  according  to  the 
needs  of  an  organ.] 

The  central  artery  of  a  rabbit's  ear  contracts  regularly  and  rhythmically,  3  to  5 
times  per  minute.  Schiff  observed  that  stimulation  of  sensory  nerves  caused  a 
dilatation  of  the  artery,  which  was  preceded  by  a  slight  temporaiy  constriction. 

Depressor  effects  are  produced  in  the  area  of  an  artery  to  which  direct  pressure 
is  applied,  as  occurs,  for  example,  when  the  sphygmograph  is  applied  for  a  long 
time — the  pulse-curves  become  larger,  and  there  are  signs  of  diminished  arterial 
tension  (§  75). 

Rhythmical  Contraction  of  Arteries. — In  the  intact  body,  slow 
alternating  contraction  and  dilatation,  without  there  being  a  uniform 
rhythm,  have  been  observed  in  the  arteries  of  the  ear  of  the  rabbit,  the 
membrane  of  a  bat's  wing,  and  the  web  of  a  frog's  foot  This  arrange- 
ment, observed  by  Schiff,  supplies  more  or  less  blood  to  the  parts 
according  to  the  action  of  external  conditions.  It  has  been  called  a 
*'j^eriodic  regvlaiory  muscular  movemeni*^ 

Perhaps  the  arteries  are  endowed  with  a  second  kind  of  movement,  consisting  in 
this,  that  every  pulsatile  dilatation  of  the  arteries  is  accompanied  by  an  active  con- 
traction, which  would  coincide  with  the  descending  limb  of  the  sphygmogram. 
This  kind  of  movement,  however,  has  not  been  definitely  proved  to  exist. 

Direct  local  applications  may  influence  the  lumen  of  the' blood- 
vessels; cold  and  moderate  electrical  stimuli  cause  contraction;  while, 
conversely,  heat  and  strong  mechanical  or  electrical  stimuli  cause  dilata- 
tion, although,  with  the  latter  two,  there  is  usually  a  preliminary 
constriction. 

Effect  on  Temperature. — The  vaso-motor  nerves  influence  the  tem- 
perature^ not  only  of  individual  parts,  but  of  the  whole  body. 

1.  Local  Effects. — Section  of  a  peripheral  vaso-motor  nerve,  e,g.,  the 
cervical  sympatheiie,  is  followed  by  dilatation  of  the  blood-vessels  of  the 
parts  supplied  by  it^  (such  as  the  ear  of  the  rabbit),  the  intra-arterial 
pressure  dilatuig  the  paralysed  waUs  of  the  vessels.  Much  arterial 
blood,  therefore,  pass  into  and  causes  a  congestion  and  redness  of  the 
parts,  or  hyperemia;  while,  at  the  same  time,  the  temperature  is 
increased.     Therd  is  also  increased  transudation  through  the  dilated 
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capillaries  within  the  dilated  areas;  the  velocity  of  the  blood-stream 
is,  of  course,  diminished,  and  the  blood-pressure  increased.  The  pulse 
is  also  felt  more  easily,  because  the  blood-vessels  are  dilated.  Owing  to 
the  increase  of  the  blood-stream,  the  blood  may  flow  from  the  veins 
almost  arterial  (bright  red)  in  its  characters,  and  the  pulse  may  even  be 
propagated  into  the  veins,  so  that  the  blood  spouts  from  them  (CL 
Bernard).  Stimulation  of  the  peripheral  end  of  a  vaso-motor  nerve 
causes  the  opposite  results — ^pallor,  owing  to  contraction  of  the  vessels, 
diminished  transudation,  and  fall  of  the  temperature  on  the  surface. 
The  smaller  arteries  may  contract  so  much  that  their  lumen  is  almost 
obliterated  Continued  stimulation  ultimately  exhausts  the  nerve,  and 
causes,  at  the  same  time,  the  phenomena  of  paralysis  of  the  vascular 
walL 

Secondary  Results- — The  immediate  results  of  paralysis  of  the  vaso-motor 
serves  lead  to  other  effects ;  the  paralysis  of  the  muscles  of  the  blood-vessels  must 
lead  to  congestion  of  the  blood  in  the  part ;  the  blood  moves  more  slowly,  so  that 
the  parts  in  contact  with  the  air  cool  more  easily,  and  hence  the  first  stage  of  increase 
of  the  temperature  may  be  followed  by  tifall  of  the  temperature.  The  ear  of  a  rabbit 
with  the  sympathetic  divided,  after  several  weeks,  becomes  cooler  than  the  ear  on 
the  sound  one.  If  in  man,  the  motor  muscular  nerves,  as  well  as  the  vaso-motor 
fibres,  are  paralysed,  then  the  paralysed  limb  becomes  cooler,  because  the  paralysed 
muscles  no  longer  contract  to  aid  in  the  production  of  heat  (§  338),  and  also  because 
the  dilatation  of  the  muscular  arteries,  which  accompanies  a  muscular  contraction, 
is  absent.  Should  atrophy  of  the  paralysed  muscles  set  in,  the  blood-vessels  also 
become  smaller.  Hence,  paralysed  limbs  in  man,  generally  become  cooler  as  time 
goes  on.  The  primary  effect,  however,  in  a  limb,  e.g.,  after  section  of  the  sciatic, 
or  lesion  of  the  brachial  plexus,  is  an  increase  of  the  temperature. 

If,  at  the  same  time,  the  vaso-motor  nerves  of  a  large  area  of  the 
skin  be  paralysed,  e.g.,  the  lower  half  of  the  body  after  section  of  the 
spinal  cord,  then  so  much  heat  is  given  off  from  the  dilated  blood- 
vessels that,  either  the  warming  of  the  skin  lasts  for  a  very  short  time 
and  to  a  slight  degree,  or  there  may  be  cooling  at  once.  Some  observers 
(Tschetschichin,  Naunyn,  Quincke,  Heidenhain,  Wood)  observed  a  rise 
of  the  temperature  after  section  of  the  cervical  spinal  cord,  but  Riegel 
did  not  observe  this  increase. 

2.  Effect  on  the  Temperature  of  the  Whole  Body.—Stimulation  or 
paralysis  of  the  vaso-motor  nerves  of  a  smaU  area  has  practically  no 
effect  on  the  general  temperature  of  the  body.  If,  however,  the  vaso- 
motor nerves  of  a  considerable  area  of  the  skin  be  suddenly  paralysed, 
then  the  temperature  of  the  entire  body  falls,  because  more  heat  is 
given  off  from  the  dilated  vessels  than  under  normal  circumstances. 
This  occurs  when  the  spinal  cord  is  divided  high  up  in  the  neck.  The 
inhalation  of  a  few  drops  of  amyl  nitrite,  which  dilates  the  blood-vessels 
of  the  skin,  causes  a  fall  of  the  temperature  (Sassetzki  and  Manassem). 
Conversely,  stimulation  of  the  vaso-motor  nerves  of  a  large  area  increases 


THE  SPLANCHNIC  AND  VASO-MOTOR  CENTRES  IN  THE  CORD.      897 

the  temperaturey  because  the  constricted  vessels  give  off  less  heat.    The 
temperature  in  fever  may  be  partly  explained  in  this  way  (§  220,  4). 

The  activity  of  the  heart,  i,e,,  the  number  and  energy  of  the  cardiac 
contractions,  is  influenced  by  the  condition  of  the  vaso-motor  nerves. 
When  a  large  vaso-motor  area  is  paralysed,  the  muscular  blood-channels 
are  dilated,  so  that  the  blood  does  not  flow  to  the  heart  at  the  usual  rate 
and  in  the  usual  amount,  as  the  pressure  is  considerably  diminished. 
Hence,  the  heart  executes  extremely  small  and  slow  contractions.  Strieker 
even  observed  that,  the  heart  of  a  dog  ceased  to  beat  on  extirpating 
the  spinal  cord  fix>m  the  1st  cervical  to  the  8th  dorsal  vertebra.  Con- 
versely, we  know  that  stimulation  of  a  large  vaso-motor  area,  by  con- 
stricting the  blood-vessels,  raises  the  arterial  blood-pressure  considerably. 
As  the  arterial  pressure  affects  the  pressure  within  the  left  ventricle,  it 
may  act  as  a  mechanical  stimulus  to  the  cardiac  wall,  and  increase  the 
cardiac  contractions  both  in  number  and  strength.  Hence,  the  circula- 
tion is  accelerated  (Heidenhain,  Slavjansky). 

Splanchnic. — By  far  the  largest  vaso-motor  area  in  the  body  is  that  controlled 
by  tiie  tplanchnic  nerves,  as  they  supply  the  blood-vessels  of  the  abdomen  (p.  319) ; 
hence,  stimulation  of  their  peripheral  ends  is  followed  by  a  great  rise  of  the  blood- 
pressure.  When  they  are  divided,  there  is  such  a  faU  of  the  blood-pressure,  that 
other  parts  of  the  body  become  more  or  less  aniemio,  and  the  animal  may  even  die 
from  **  being  bled  into  its  own  belly."  Animals  whose  portal  vein  is  ligatured  die 
for  the  same  reason  (G.  Ludwig  and  Thiry)  [see  §  87]. 

The  capacity  of  the  vascular  system,  depending  as  it  does  in  part  upon  the 
condition  of  the  vaso-motor  nerves,  influences  the  body-weight.  Stimulation  of 
certain  vascular  areas  may  cause  the  rapid  excretion  of  water,  and  we  may  thus 
account  in  part  for  the  diminution  of  the  body-weight,  which  has  been  sometimes 
observed  after  an  epileptic  attack  terminating  with  polyuria. 

Trophic  disturbances  sometimes  occur  after  affections  of  the  vaso-motor 
nerves  (p.  782).  Paralysis  of  the  vaso-motor  nerves  not  only  causes  dilatation  of 
the  blood-vessels  and  local  increase  of  the  blood-pressure,  but  it  may  also  cause 
increased  transudation  through  the  capillaries  [§  203].  When  the  active  con- 
traction of  the  muscles  is  abolished  at  the  same  time,  the  blood-stream  becomes 
slower ;  and,  in  some  cases,  the  skin  becomes  livid,  owing  to  the  venous  conges^ 
tion.  There  is  a  diminution  of  the  normal  transpiration,  and  the  epidermis  may 
be  dry  and  peel  off  in  scales.  The  growth  of  the  hair  and  nails  may  be  affected 
by  the  congestion  of  blood,  and  other  tissues  may  also  suffer. 

Vaso-motor  Centres  in  the  Spinal  Cord. — ^Besides  the  dominating 
centre  in  the  medulla  oblongata,  the  blood-vessels  are  acted  upon  by 
local  or  subordinate  vaso-motor  cerUres  in  the  spinal  cord,  as  is  proved  by 
the  following  observations  : — If  the  spinal  cord  of  an  animal  be  divided, 
then  all  the  blood-vessels  supplied  by  vaso-motor  nerves  below  the  point 
of  section  are  paralysed,  as  the  vaso-motor  fibres  proceed  from  the 
medulla  oblongata.  If  the  animal  lives,  the  blood-vessels  regain  their 
tone  and  their  former  calibre,  while  the  rhythmical  movements  of  their 
muscular  walls  are  ascribed  to  the  subordinate  centres  in  the  lower 
part  of  the  spinal  cord  (Lister,  Goltz,  Yulpian — §  362,  7). 
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Theee  subordinate  centres  may  also  be  inflaenoed  r^fiady;  alter  destmctioii  of 
the  medulla  oblongata,  the  arteries  of  the  frog's  web  still  contract  reflexly  when 
the  sensory  nerves  of  the  hind  leg  are  stimulated  (Putnam,  Nussbaum,  Vulpian). 

If  now  the  lower  divided  part  of  the  cord  be  crushed,  the  blood- 
TeBsels  again  dilate,  owing  to  the  destruction  of  the  subordinate  centres. 
In  animals  which  survive  this  operation,  the  vessels  of  the  paralysed 
parts  gradually  recover  their  normal  diameter  and  rhythmical  move- 
ments. This  effect  is  ascribed  to  ganglia,  which  are  supposed  to  exist 
along  the  course  of  the  vessels.  These  ganglia  [or  peripheral  nervous 
mechanisms]  might  be  compared  to  the  ganglia  of  the  heart,  and  seem 
by  themselves  capable  of  sustaining  the  movements  of  the  vascular  walL 
Even  the  blood-vessels  of  an  excised  kidney  exhibit  periodic  variations 
of  their  calibre  (G.  Ludwig  and  Mosso).  It  is  important  to  observe 
that  the  walls  of  the  blood-vessels  contract  as  soon  as  the  blood 
becomes  highly  venous.  Hence,  the  blood-vessels  offer  a  greater  resist- 
ance to  the  passage  of  venous  than  to  arterial  blood  (C.  Ludwig). 
Nevertheless,  the  blood-vessels,  although  they  recover  part  of  their 
tone  and  mobility,  never  do  so  eompleUly. 

The  effects  of  direct  mechanical,  chemical,  and  electrical  stimuli  on  blood-vessels 
may  be  due  to  their  action  on  these  peripheral  nervous  mechanisms.  The  arteries 
may  contract  so  much  as  almost  to  disappear,  but  lometimee  dilatatioii  follows 
the  primary  stimulus. 

Lewaschew  found  that  limbs,  in  which  the  vaso-motor  fibres  had  undergone 
degeneration,  reacted  like  intact  limbs  to  variations  of  temperature ;  heat  relaxed 
the  vessels,  and  cold  constricted  them.  It  is  highly  probable  that  the  vaiiationB 
of  the  vascular  lumen  depend  upon  the  stimulation  of  the  peripheral  nervous 
mechanisms.    Amyl  nitrite  and  digitalis  act  on  the  latter. 

The  puUcUing  veins  in  the  bat's  wing  still  continue  to  beat  after  section  of  all 
their  nerves,  which  is  in  favour  of  the  existence  of  local  nervous  mechaiiisiDfl 
(Luchsinger,  Schiff). 

Influence  of  the  Cerebrum. — The  cerebrum  influences  the  vaso- 
motor centre,  as  is  proved  by  the  sudden  pallor  that  accompanies  some 
psychical  conditions,  such  as  fright,  or  terror.  There  is  a  centre  in  the 
grey  matter  of  the  cerebrum  where  stimulation  causes  cooling  of  the 
opposite  side  of  the  body. 

Although  there  is  one  general  vaso-motor  centre  in  the  medulla 
oblongata,  which  influences  all  the  blood-vessels  of  the  body,  it  is 
really  a  complex,  composite  centre,  consisting  of  a  number  of  closely 
aggregated  centres,  each  of  which  presides  over  a  particular  vascular 
area.  We  know  something  of  the  hepatic  (§  175)  and  renal  centres 
<§  276). 

Many  poisons  exeUe  the  vaso-motor  nerves,  such  as  ergotin,  tannic  acid, 
copaiba,  and  cubebs;  othen  first  excite,  and  then  paralyse,  e.g.,  chloral  hydrate, 
morphia,  landanosin,  veratrin,  nicotin,  Calabar  bean,  alcohol;  others  rapidly 
paralyse  them,  e,g.,  amyl  nitrite,  CO  (§  17))  atropin,  muscarin.    The  paralytic  aeiioft 
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•f  the  poison  is  proved  by  the  fiust  that,  after  section  of  the  vagi  and  aocelerantes, 
neither  the  pressor  nor  the  depressor  nerves,  when  stimulated,  prodnoe  any  effect. 
Many  pathological  conditions  affect  the  vaso-motor  nerves. 

The  veins  are  also  influenced  by  vaso-motor  nerves  (Goltz),  and 
80  are  the  lymphatics,  but  we  know  very  little  about  this  condition. 

PatholOg^caL— *The  angio-nmrosea,  or  nervous  affections  of  blood-vessels,  form 
a  most  important  group  of  diseases.  The  parts  primarily  affected  may  be  either 
the  peripheral  nervous  mechanisms,  the  subordinate  centres  in  the  cord,  the 
dominating  centre  in  the  medulla,  or  the  grey  matter  of  the  cerebrum.  The  effect 
may  be  direct  or  reflex.  The  dilatation  of  the  vessels  may  also  be  due  to  stimu- 
lation of  vaso-dilator  nerves,  and  the  physician  must  be  careful  to  distinguish 
whether  the  result  is  due  to  paralysis  of  the  vaso-oonstrictor  nerves,  or  stimulation 
of  the  vaso-dilator  fibres. 

Angio-nenroses  of  the  Sldn  occur  in  affections  of  the  vaso-motor  nerves, 
either  as  a  diffuse  redness  or  pallor ;  or  there  may  be  drcumseribed  affections. 
Sometimes,  owing  to  the  stimulation  of  individual  vaso-motor  nerves,  there  are 
local  cutaneous  arterio-spasms  (Nothnagel).  In  certain  acute  febrile  attacks — after 
previous  initial  violent  stimulation  of  the  vaso-motor  nerves,  especially  during 
the  cold  stage  of  fever — there  may  be  different  forms  of  paralytic  phenomena  of 
the  cutaneous  vessels.  In  some  cases  of  epilepsy  in  man.  Trousseau  observed 
irregular,  red,  angio-paralytic  patches  (tdches  oir^ales).  Continued  strong 
stimulation  may  lead  to  interruption  of  the  circulation,  which  may  result  in 
gangrene  of  the  skin  (Weiss)  and  deeper-seated  parts. 

Hemicrania,  due  to  unilateral  spasm  of  the  branches  of  the  carotid  on  the 
head,  is  accompanied  by  severe  headache  (du  Bois-Reymond).  The  oervical 
sympathetic  nerve  is  intensely  stimulated,  a  pale,  collapsed,  and  cool  side  of  the 
fS&ce,  contraction  of  the  temporal  artery  like  a  firm  whip  cord,  dilatation  of  the 
pupil,  secretion  of  thick  saliva,  are  sure  signs  of  this  affection.  This  form  may  be 
followed  by  the  opposite  condition  of  paralysis  of  the  cervical  sympathetic,  where 
the  effects  are  reversed.    Sometimes  tiie  two  conditions  may  alternate. 

Basedow's  disease  is  a  remarkable  condition,  in  which  the  vaso-motor  nerves 
are  concerned;  the  heart  beats  very  rapidly  (90-120-200  beats  per  minute), 
causing  palpitation ;  there  is  swelling  of  the  thyroid  gland  (struma)  y  and  projection 
of  the  eyeballs  [exopJuJuilmos)  with  imperfectly  co-ordinated  movements  of  the 
upper  eyelid,  when  the  plane  of  vision  is  raised  or  lowered.  Perhaps  in  this 
disease  we  have  to  deal  with  a  simultaneous  stimulation  of  the  accelerans  cordis 
(§  370),  the  motor  fibres  of  Miiller's  muscles  of  the  orbit  and  eyelids  (§  347,  L),  as 
well  as  of  the  vaso-dilators  of  the  thyroid  gland.  The  disease  may  be  due  to  direct 
stimulation  of  the  sympathetic  channels  or  their  spinal  origins,  or  it  may  be 
referred  to  some  reflex  cause.  It  has  also  been  explained,  however,  thus,  that 
the  exophthalmos  and  struma  are  the  consequence  of  vaso-motor  paralysis,  which 
results  in  enlargement  of  the  blood-vessels,  while  the  increased  cardiac  action  is  a 
sign  of  the  diminished  or  arrested  inhibitoiy  action  of  the  vagus.  All  these 
phenomena  may  be  caused,  according  to  Filehne,  by  injury  to  the  upper  part  of 
both  restiform  bodies  in  rabbits. 

Visceral  Angio-neuroses. — ^The  occurrence  of  sudden  hypersemia  with  tran- 
sudations and  ecchymoees,  in  some  thoracic  or  abdominal  organs  may  have  a 
neurotic  basis.  As  already  mentioned,  injury  to  the  pons,  corpus  striatum,  and 
optic  thalamus  may  give  rise  to  hjrpersemia,  and  ecchymoses  in  the  lungs,  pleure, 
intestines,  and  kidneys.  According  to  Brown-S^uard,  compression  or  section  of 
one  half  of  the  pons  causes  ecchymoses,  especially  in  the  lung  of  the  opposite  side ; 
he  also  observed  ecchymoses  in  the  renal  capsule  after  iigury  of  the  lumbar  portion 
of  the  spinal  cord  (§  379). 

25 
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The  dependenoe  of  diabetes  mellitllB  npon  injury  to  the  Tuo-motor  nervea  is 
lelerred  to  in  |  175 ;  the  action  of  the  Yaso-flMiw  nerves  on  the  BecretioXL  Of 
urine  in  §  276 ;  and  fever  in  S  220. 

372.  Vaso-dilator  Centre  and  Vaso-dilator  Nerves. 

Although  a  vaso-dilator  centre  has  not  been  definitely  proved  to  exist 
in  the  medulla,  still  its  existence  there  has  been  surmised.  Its  action 
is  opposite  to  that  of  the  vaso-motor  centre.  The  centre  is  certainly  not 
in  a  continuous  or  tonic  state  of  excitement.  The  vaso-dilator  nerves^ 
behave  in  their  function  similarly  to  the  cardiac  branches  of  the  vagos;. 
both,  when  stimulated,  cause  relaxation  and  rest  (Schiff,  C3.  Bernard). 
[They  are  not  paralysed,  however,  by  a  large  dose  of  atropin]  Hence, 
these  nerves  have  been  called  vcLso-inhihitory,  vaso-hypotonic,  or  vaso- 
dilator nerves. 

[The  existence  of  vaso-dilator  nerves  is  assumed  in  accordance  with 
such  facts  as  the  following : — ^If  the  chorda  iympani  be  divided,  there 
IB  BO  change  in  the  blood-vessels  of  the  sub-maxillary  gland,  but  if 
its  peripheral  end  be  stimulated,  in  addition  to  other  results  (§  145),. 
there  is  dilatation  of  the  blood-vessels  of  the  sub-maxillary  glands,  sa 
that  its  veins  discharge  bright  florid  blood,  while  they  spout  like  an 
aitery.  Similarly,  if  the  nern  ertgerdes  be  divided  there  is  no  effect  on 
the  blood-vessels  of  the  penis  (§362,  4),  but  if  iheir  peripheral  ends  be 
stimulated  with  faradic  electricity,  the  sinuses  of  the  corpora  cavernosa 
dilate,  become  filled  with  blood,  and  erection  takes  place  (§  436). 
Other  examples  in  muscle  and  elsewhere  are  referred  to  bdow.] 

Dyspnoeic  blood  stimulates  this  centre  as  well  as  the  vaso-motor 
centre,  so  that  the  cutaneous  vessels  are  dilated,  while  simultaneously 
the  vessels  of  the  internal  organs  are  contracted  and  the  organs  anssmic^ 
owing  to  the  stimulation  of  their  vaso-motor  centre  (Dastre  and 
Morat). 

Course  of  the  Vaso-dilator  Nerres.—To  some  organs  they  pass  as  special 
xcfrvea — to  other  parts  of  the  body,  however,  they  proceed  along  with  the  Taso- 
motor  and  other  serves.  According  to  Dastre  and  Morat,  the  vaso-dilator  nerves 
lor  the  baeeo4aJbial  region  (dog),  pass  out  from  the  cord  by  the  Ist  to  the  6th  dorsal 
nerves,  and  go  through  the  rami  commtmicantes  into  the  sympathetic,  then  to  tiie 
superior  cervical  ganglion,  and  lastly  through  the  carotid  and  inter-carotid  plexna 
into  the  trigemtnus.  The  mazinary  branch  of  the  trigeminus,  however,  also 
contains  vaso-dilator  fibres  proper  to  itself  (Laffont).  In  tiie  grey  matter  of  the 
cord,  there  is  a  special  subordinate  oentre  for  the  vaso-dilator  fibres  of  the  bnooo- 
labial  region.  This  centre  may  be  acted  on  reflexly  by  stimulation  of  the  vagus, 
especiilly  its  pulmonary  branches,  and  even  by  stimulating  the  sciatic  nerve. 
Tile  ear  receives  its  nerves  from  the  1st  dorsal  and  lowest  oervical  ganglion,  the 
wpper  limb  from  the  thoracic  portion,  and  the  lower  limb  from  tiiie  abdominal 
portion  of  the  sjanpatbetic.  The  vaso-dilator  fibres  mn  to  the  sub-maxillary  and 
sub-lingual  glands  in  the  chorda  tympawi  (§  349,  4),  while  those  for  the  posterior 
part  of  the  tongue  run  in  the  glosso-pharyngeal  nerve  (§  351,  4— Vulpian).  Perhaps 
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the  Tagns  oontams  those  for  the  kidneys  (S  276).    Stimulation  of  the  nervi 
proceeding  from  the  sacral  plexus,  oauses  dilatation  of  the  arteries  of  the  xtenii^  , 
together  with  congestion  of  the  corpora  cavernosa  (§  436,  Eckhard,  Lov^).    liick- 
hard  found  that,  erection  of  tlie  penis  can  be  produced  by  stimulation  of  the  spmal ' 
cord^  and  of  the  poos  as  £ur  as  the  pednndes,  which  may  explain  the  phenomiBBOn  * 
of  priapism  in  connection  with  pathological  irritations  in  these  regions. 

The  Btnsclos  receire  their  TMSo-dilator  fibres  for  their  vessels  thropogh  tiie 
tnmks  of  the  motor  nerves.  Stwtwiatkm  of  a  motor  nerve  or  the  spinal  eoM  fcawms 
not  only  contraction  of  the  corresponding  muscles,  but  also  dilatalacn  of  their 
blood-vessels  (§  5294,  II. — C.  Ludwig  and  Sczelkow,  Hafiz,  Gaskell,  Heidenhaan) — 
the  dilatation  of  the  vessels  taking  place  even  when  the  mnsole  is  prevented  from 
shortening.  [Gaskell  observed  under  the  microscope,  the  dilatation  produoed  by 
stimulation  of  the  nerve  to  the  mylohyoid  muscle  of  the  frog.]  OtdLtz  dkowed  that 
in  the  nerves  to  the  limbs,  eg,,  in  the  sciatic  nerve,  the  vaso-motor  and  fnse- 
dilator  fibres  occur  in  the  same  nerve.  If  the  peripheral  eskd  ef  this  nerrv  he 
stimulated  immediately  after  it  is  divided,  the  action  of  the  vaflo-oonstriotor  fixes 
overoomes  that  of  the  dilators.  If  the  peripheral  end  be  stinuMed  fleweral  days 
after  the  section,  when  the  vaso-oonstrictors  have  lost  their  enatablfity,  th» 
blood-vessels  dilate  under  the  action  of  the  vaso-dilator  fibres.  Stimnli,  which 
are  applied  at  long  intervals  to  the  nerve,  act  especially  on  the  raso'dilfftor  Aires; 
while  tetanising  stimuli  act  on  the  vaso-motors.  The  sciatic  nerve  reoetves  both 
kinds  of  fibres  from  the  sympathetia  It  is  assumed  that  the  peripheral  aeiiWDS 
mechanisms  in  connection  with  the  blood-vessels  are  influenced  by  both  kinds  oT 
vascular  nerves;  the  vaso-motors  (constrictors)  increase,  while  the  vaso-dilators 
diminish,  the  activity  of  these  mechanisms  or  ganglia.  Psychicml  eondittons  fM!t 
upon  the  vaflo-dilator  nerves — ^the  blush  of  shame,  which  is  not  confined  to  the 
fiftce,  but  nay  even  extend  over  the  whole  skin— is  probably  due  to  stimnlaftioB  of 
the  vaso-dilator  centre. 

Tnfliiflnftfl  on  Temperature.— The  vaso-dilator  nerves  obviously  have  aeon-- 
siderable  influence  on  the  temperature  of  the  body,  and  on  the  heat  of  the 
individual  parts  of  the  body.  Both  vascular  oentres  must  aet  as  impoTtanC; 
regulatory  mechanisms  for  the  radiation  of  heat  through  the  ontaAeous 
(§  214,  n).  Probably  they  are  kept  in  -activity  reflexly  by  sensory  nerves, 
turbances  in  their  function  may  lead  to  an  abnormal  accumula/tion  of  heat,  as  hr 
fever  (§  220),  or  to  abnormal  cooling  (§  213,  7).  Some  observers,  however,  assume 
the  existence  of  an  intracranial  '*  heat-regulating  centre**  (Tschetschichin,  Kaunyn, 
Quincke),  whose  situation  is  unknown.  According  to  Wood,  separation  of  the 
medulla  oblongata  from  the  pons  causes  an  increased  radiati<m  and  a  diminished 
production  of  heat,  due  to  the  cutting  off  of  the  influences  from  the  heat-regulatixts 
centre. 


373.  The  Spasm  Centre— The  Sweat  Centre. 

Spasm  Centre. — In  the  medulla  oblonngata^  just  where  it  joins  the 
pons,  there  is  a  centre,  whose  stimulation  causes  general  spasms.  The 
centre  may  be  excited  by  suddenly  producing  a  highly  venous  con* 
dition  of  the  blood  Q'  asphyxia  spasms/'  in  cases  of  drowning),  b^ 
sudden  anaemia  of  the  medulla  oblongata,  either  in  consequence  of 
hsemorrhage,  or  ligature  of  both  carotids  and  subclayians  (Kussmaul 
and  Tenner),  and  lastly  by  sudden  venous  stagnation  caused  by  com- 
pressing the  veins  coming  from  the  head.     In  all  these  cases,  the 
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Btimulation  of  the  centre  is  due  to  the  sadden  interruption  of  the 
normal  exchange  of  the  gases.  When  these  fiictors  act  quite  gradually, 
death  may  take  place  without  convulsions.  Intense  direct  stimulation 
of  the  medulla^  as  by  its  sudden  destruction,  causes  general  convulsions. 

Position.— Nothnagel  attempted  by  direct  stimiilation  to  map  oat  its  pontion 
in  rabbits ;  it  extends  from  the  area  above  the  ala  cinerea  upwards  to  the  corpora 
qnadrigemina.  It  is  limited  externally  by  the  locos  ccendeas  and  the  tabercnlum 
acnstioiun.  In  the  frog,  it  lies  in  the  lower  half  of  the  foarth  ventricle  (Heubel). 
The  centre  is  affected  in  extensive  reflex  spasms  (§  364,  6),  e.^.,  in  poisoning  with 
ettyohDin  and  in  hydrophobia. 

Poisons. — ^Many  inorganic  and  organic  poisons,  most  cardiac  poisons,  niootin, 
picrotoxin,  ammonia  (§  277),  and  the  componnds  of  bariom,  cause  death  after 
prodndng  convulsions,  by  acting  on  the  spasm  centre  (Rober,  Heubel,  B5hm). 

If  the  arteries  going  to  the  brain  be  ligatured,  so  as  to  paralyse  the  oblongata, 
then,  on  ligaturing  the  abdominal  aorta,  spasms  of  the  lower  limbs  occur,  owing  to 
the  anaemic  stimulation  of  the  motor  ganglia  of  the  spinal  cord  (Sigm.  Mayer). 

Pathological — Epilepsy. —SchrQeder  van  der  Kolk  found  the  blood-vessels  of 
the  oblongata  dilatdd  and  increased  in  cases  of  epilepsy*  Brown-S6quard  observed 
that  injury  to  the  central  or  peripheral  nervous  system  (spinal  cord,  oblongata, 
peduncle,  corpora  quadrigemina,  sciatic  nerve)  of  guinea-pigs  produced  epilepsy, 
4aid  this  condition  even  became  heredUary.  Stimulation  of  the  cheek  or  of  the  face 
*'epUeptic  zone,"  on  the  same  side  as  the  iujuiy  (spinal  cord),  caused  at  once  an 
4ikttack  of  epilepsy ;  but  when  the  peduncle  was  injured,  the  opposite  side  must  be 
stimulated.  Westphal  made  guinea-pigs  epileptic  by  repeated  light  blows  on  the 
4Bkull,  and  this  condition  also  became  hereditary.  In  these  cases,  there  was 
effusion  of  blood  in  the  medulla  oblongata  and  upper  part  of  the  spinal  cord  (§  375 
4uid  §  378,  I). 

Direct  stimulation  of  the  cerebrum  also  produces  epi^ptic  convulsions.  Strong 
electrical  stimulation  of  the  motor  areas  of  the  cortex  cerebri  is  often  followed  by 
an  epileptic  attack  (§  375).  [It  is  no  unfrequent  occurrence  that,  while  we  are 
stimulating  the  motor  areas  of  the  cortex  cerebri  of  a  dog,  to  find  the  animal 
•exhibiting  symptoms  of  local  or  general  epilepsy.] 

Sweat  Centre. — A  dominating  centre  for  the  secretion  of  the  sweat  of 
the  etxiire  surface  of  the  body  (§  289,  II) — ^with  subordinate  spinal 
centres  (§  362,  8) — occurs  in  the  meduUa  oblongata  (Adamkiewicz, 
Marm^,  Nawrocki).  It  is  double,  and  in  rare  cases  the  excitability  is 
unequal  on  the  two  sides,  as  is  manifested  by  unilateral  perspiration 
<§  289,  2). 

Poisons.— Calabar  bean,  nicotin,  picrotoxin,  camphor,  anmiouium  acetate,  cause 
a  secretion  of  sweat  by  acting  directly  on  the  sweat  centre.  Muscarin  causes  local 
:  stimulation  of  the  peripheral  sweat  fibree^it  causes  sweating  of  the  hind  limbs 
after  section  of  the  sciatic  nerves.  Atropin  arrests  the  action  of  muscarin  (Olt, 
Wood  Field,  Nawrocki). 

[Regeneration  of  the  Spinal  Cord. — In  some  animals  true  nervous  matter 
is  reproduced  after  part  of  the  spinal  cord  has  been  destroyed,  at  least,  this  is 
so  in  tritons  and  lizards  (H.  Miiller).  As  is  well  known  in  these  animals,  when 
the  tail  is  removed  it  is  reproduced,  and  MiUler  found  that  a  part  of  the  spinal 
•cord  corresponding  to  the  new  part  of  the  tail  is  reproduced.  Morphologically 
the  elements  were  the  same,  but  the  spinal  nerves  were  not  reproduced,  while 
physiologically,  the  new  nerve  substance  was  not  functionally  active ;  it  cone- 
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spondfl,  as  it  were,  to  a  lower  stage  of  development.  Aooording  to  Masins  and 
Vanlair,  an  ezciBed  portion  of  the  spinal  coid  of  a  frog  ia  reprodnoed  after  6 
months ;  while  Brown-S^nard  maintains  that  re-nnion  of  the  divided  snrfaoea 
of  the  cord  takes  place  in  pigeons  after  &-15  months.  A  partial  re-nnion  ui 
asserted  to  oocnr  in  dogs  by  Bentan,  Naunyn,  and  Eichhorst,  although  Schieferi 
decker  obtained  only  negative  results,  the  divided  ends  being  united  only  by 
conneotive-tissae  (Schwalbe).] 


374.   Psychical  Functions  of  the  Brain. 

The  hemispheres  of  the  cerebrum  are  usually  said  to  be  the  seat  of 
aU  the  psycMcal  activities.  Only  when  they  are  intact  are  the  processes 
of  thinking,  feeling,  and  willing  possible.  After  they  are  destroyed, 
the  organism  comes  to  be  like  a  complicated  machine,  and  its  whole 
activity  is  only  the  expression  of  the  external  and  internal  stimuli 
which  act  upon  it.  The  psychical  activities  appear  to  be  located  u\ 
both  hemispheres,  so  that  after  destruction  of  a  considerable  part  of  one 
of  them,  the  other  seems  to  act  in  place  of  the  part  destroyed.  [Objec- 
tion has  been  taken  to  the  term,  the  ''seat  of"  the  will  and  intelligence, 
and  undoubtedly  it  is  more  consistent  with  what  we  know,  or  rather  do 
not  know,  to  say  that  the  existence  of  volition  and  intelligence  ia 
dependent  on  the  connection  of  the  cerebral  cortex  with  the  rest  of  the 
brain.] 

ObBervations  on  Man.~Cases  in  which  considerable  unUateral  lesions  or 
destmction  of  one  hemisphere  have  taken  place  without  the  psychical  activities 
appearing  to  suffer  sometimes  occur.  The  following  is  a  case  conununicated  by 
Longet : — A  boy,  16  years  of  age,  had  his  parietal  bone  fractured  by  a  stone  fnlling 
on  it,  so  that  part  of  the  protruding  brain  matter  had  to  be  removed.  On  re- 
applying the  bandages  more  brain  matter  had  to  be  removed.  After  18  days  he 
fell  out  of  bed,  and  more  brain  matter  protruded,  which  was  removed.  On  the  35tl| 
day  he  got  intoxicated,  tore  ofif  the  bandages,  and  with  them  a  part  of  the  brain 
matter.  After  his  recovery  the  boy  still  retained  his  intelligence,  but  he  was 
hemiplegio.  Even  when  both  hemispheres  are  moderately  destroyed,  the  intelli- 
gence appears  to  be  intact;  thus.  Trousseau  describes  the  case  of  an  officer  whose 
fore-brain  was  pierced  transversely  by  a  bullet.  There  was  scarcely  any  appear* 
ance  of  his  mental  or  bodily  faculties  being  affected.  In  other  cases,  destruction  of 
parts  of  the  bndn  peculiarly  alters  the  character.  We  must  be  extremely  careful, 
however,  in  forming  conclusions  in  all  such  cases. 

[In  the  celebrated  "American  croW-bar  case"  recorded  by  Bigelow,  a 
young  man  was  hit  by  a  bar  of  iron  which  traversed  the  anterior  part  of  the  lefb 
hemisphere,  going  clean  out  at  the  top  of  his  head.  This  man  lived  for  thirteen 
years  without  any  special  mental  manifestations.  There  were,  however,  some 
changes  which  might  be  referable  to  injury  to  the  frontal  region.  In  aU  cases  it 
is  most  important  to  know  both  the  exact  site  and  the  extent  of  the  lesion.] 

Imperfect  Development  of  the  Cerebrum.  ^Microcephalia,  and  hydrocephalus 
yield  every  result  between  diminution  of  the  psychical  activities  and  idiocy. 
Extensive  inflammation,  degeneration,  pressure,  anaBmia  of  the  blood-vessels,  and 
the  actions  of  many  poisons  produce  the  same  effect. 

FlOUiens'  Doctrine*— Flourens  assumed  that,  the  whole  of  the  cerebrum  is 


^4  .    KXTIRPATIOtt  or  THS  CSBIBEUM. 


in  eiMfy  ppfeliioal  prooMB.  From  his  experiments  on  p^eens^  he 
coBehidefi  ilMl)  if  a  tamaJl  put  ol  the  henuspheres  ramftbied  intact,  it  was  aoffident 
iK  tta  TaamJMtation  of  the  mental  Amctioiia ;  just  in  proportioB  ae  the  grey 
of  tha  henicpheree  ia  removed,  dU  the  fonetioiis  of  the  cerebrum  are 
I,  and  when  all  the  grey  matter  is  removed,  all  the  fonctionB  are  aboliBhed. 
▲eocvding  to  this  view,  neither  the  different  faenlties  nor  the  different  perceptions 
are  localised  in  special  areas.  Goltz  holds  a  somewhat  simiiarview  to  Hhat  of 
Plonrens.  He  assumes  that  if  an  nnizgured  part  of  the  cerebrum  remain,  it  can  to  a 
certain  extent  perform  the  functions  of  the  parts  that  have  been  removed.  This 
Vulpian  has  catted  the  '*  law  of  functional  substitution  "  (loi  de  suppl^ance). 

The  j^hrenologpical  doctrine  of  Gall  (t  1828)  and  Spurzheim  assumes  that  the 
different  mental  faculties  are  located  in  different  parts  of  the  brain,  and  it  is 
that  a  Urge  development  of  a  particular  organ  may  be  detected  by 
the  extemal  configuration  of  the  head  {Craniosoopjf). 


'  Extirpation  of  the  Cerebnun. — ^After  the  remoyal  of  both  cerebral 
liemispheres  in  animak,  every  voluntary  movement,  and  every 
cooucious  impression,  and  sensory  perception  entirely  ceases.  On  the 
other  hand,  the  whole  mechanical  movements,  and  the  maintenance  of 
the  equifil^iom  of  the  movements  are  retained.  The  maintenaiLce  of 
tte  eqailibriiim  depends  upon  the  mid-brain,  and  is  regulated  by 
important  reflex  channels  (§  379).  The  mid-braiu  (coipora  quadri- 
gemina)  is  connected  not  only  with  the  grey  matter  of  the  spinal  cord 
imd  medulla  oblongata,  the  seat  of  extensive  reflex  mechanisms 
{§  367),  but  it  abo  receives  fibres  coming  from  the  higher  organs  of 
«ense,  which  also  excite  movements  reflexly.  The  corpora  quadrigemina 
are  also  sopposed  to  contain  a  reflex  inhibitory  apparatus  (§  361^  2). 
The  j{»nt  aetkoi  of  all  these  parts  makes  the  corpora  quadrigemina  one  of 
the  most  important  organs  for  the  harmonious  execution  of  movements, 
3xi<i  this  even  in  a  higher  degree  than  the  medulla  oblongata  itself 
•(Goltz).  Animalfl  with  their  corpora  quadrigemina  intact  retain  the 
^equiMbrium  of  their  bodies  under  the  most  varied  conditions,  but  they 
lose  this  power  as  soon  as  the  mid-brain  is  destroyed  (Goltz). 
Christiaitt  locates  the  co-ordinating  centre  for  the  change  of  place  and 
tlie  maintenance  of  the  equilibrium,  in  mammals  in  front  of  the 
ins^ratory  centre  in  the  3rd  ventricle  (p.  878). 

That  iaqpratsiitts  from  the  skin  and  sense  organs  are  concerned  in  the 

maintenance  of  the  equilibrium  is  proTed  by  the  following  facts: — A  frog  withoat 
its  oevefarttm  at  once  loses  its  power  of  balancing  itseH  as  soon  as  the  skin  is 
Loved  from  its  hind-limbs.  The  action  of  impressions  communicated  through 
eyes  ia  profved  by  the  difficulty  or  impossibility  of  maintAJniug  the  equilibrnun 
m  nystagraiBa  Q  360y,  and  by  the  vertigo  which  often  accompanies  paralysis  of  the 
eKtsnal  ocular  muscles.  In  persons  whose  cutaneous  sensibility  is  diminished, 
the  eyes  are  the  chief  organs  for  the  maintenance  of  the  equilibrium,  they  fall  over 
vhen  the  eyes  are  closed.  [This  is  well  illustrated  in  cases  of  locomotor  ataxia 
<^  858).] 

Ftog. — ^A  frog  with  its  cerebrum  removed  retains  its  power   of 
laaintaining  its  equilibrium.    It  can  sit,  spring,  or  execute  complicated. 
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co-ordinated  movements^  when  appropriate  stimuli  are  applied ;  when 
placed  on  ita  back,  it  immediately  turns  into  its  normal  position  on  its 
belly;  if  stimulated  it  gives  one  or  two  springs  and  then  comes  to  rest; 
when  thrown  into  water,  it  swims  to  the  margin  of  the  vessel^  and  it 
may  crawl  up  the  side,  and  sit  passive  upon  the  edge  of  the  vesseL 
When  incited  to  move,  it  exhibits  the  most  complete  harmony  and  vaoitf 
in  all  its  movements.  It  sits  on  the  same  place  continually  as  if  in  Aee^ 
it  takes  no  food,  it  has  no  feelings  of  hunger  and  thirst,  it  shows  no 
symptoms  of  fear,  and  ultimately,  if  left  alone,  it  becomes  desiccated 
like  a  mummy  on  the  spot  where  it  sits.  [If  the  flanks  of  such  a  frog 
be  stroked,  it  croaks  with  the  utmost  regularity  according  to  the 
number  of  times  it  is  stroked.  It  seems  to  be  influenced  by  light ;  tm, 
if  an  object  be  placed  in  front  of  it  so  as  to  throw  a  strong  shadow. 


Fig.  351. 

Frog  without  its  cere- 
bram  avoiding  an 
object  placed  in  its 
path  (Goltz). 


Fig.  362. 

Frog  without  its  cerebnim  moviDg 
on  an  inclined  board  (Goltz). 


then  on  stimulating  the  irog  it  will  spring  not  against  the  object,  o^ 
but  in  the  direction,  b  (Fig.  351).  Its  balancing  movements  on  a  board  are 
quite  remarkable  and  acrobatic  in  character.  If  it  be  placed  on  a  board, 
and  the  board  gently  inclined  (Fig.  352),  it  does  not  fall  off  as  a  frog 
merely  with  its  spinal  cord  will  do,  but  as  the  board  is  inclined  so  as 
to  alter  the  animal's  centre  of  gravity,  it  slowly  crawls  up  the  board 
until  its  equilibrium  is  restored.  If  the  board  be  sloped  as  in 
Fig.  352,  it  will  crawl  up  until  it  sits  on  the  edge,  and  if  the  board  be 
still  further  tilted,  the  frog  will  move  as  indicated  in  the  figure.  It 
only  does  so,  however,  when  the  board  is  inclined,  and  it  rests  as  soon 
as  its  centre  of  gravity  is  restored.  It  responds  to  every  stimulus  just 
like  a  complex  machine,  answering  each  stimulus  with  an  appropiiaAe 
action.] 

A  p^eon  without  its  cerebral  hemispheres^  behaves  in  a  similar  manner. 
When  undisturbed  it  sits  continuously,  as  if  in  sleep,  but  when  stinu- 
lated  it  shows  complete  harmony  of  all  its  movements ;  it  ean  wall^ 
fly,  perch,  and  balance  its  body.  The  sensory  nerves  and  those  of 
iqpecial  sensation  conduct  impulses  to  the  brain^  they  only  disch^aqp 
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reflex  movementSy  but  they  do  not  excite  conBdons  impressions* 
Hence,  the  bird  starts  when  a  pistol  is  fired  close  to  its  ear;  it  closes 
its  eyes  when  it  is  brought  near  a  flame,  and  the  pupils  contract ;  it 
turns  away  its  head  when  the  vapour  of  ammonia  is  applied  to  its 
nostrils.  All  these  impressions  are  not  perceived  as  conscious  percep- 
tions. The  perceptive  faculties— the  will  and  memory— are  abolished; 
the  animal  never  takes  food  or  drinks  spontaneously.  But  if  food  be 
placed  at  the  back  part  of  its  throat  it  is  swallowed  [reflex  act],  and  in 
this  way  the  animal  may  be  maintained  alive  for  months  (FlourenSy, 
Longet,  Ooltz,  and  others). 

Wammals  (rabbit),  owing  to  the  great  loss  of  blood  consequent  on 
renioval  of  the  cerebrum,  are  not  well  suited  for  experiments  of  this 
kind.  Immediately  after  the  operation,  they  show  great  signs  o£ 
muscular  weakness.  When  they  recover  they  present  the  same  general 
phenomena;  only  when  they  are  stimulated,  they  run  as  it  were, 
blindfold  against  an  obstacle.  Yulpian  observed  a  peculiar  shriek  or 
cry,  which  such  a  rabbit  makes  under  the  circumstances.  Sometimes,, 
even  in  man,  a  peculiar  cry  is  emitted  in  some  cases  of  pressure  or 
inflammation,  rendering  the  cerebral  hemispheres  inactive. 

Observations  on  somnambulists  show  that  in  man  also,  complete 
harmony  of  all  movements  may  be  retained,  without  the  assistance  of 
the  will  or  conscious  impressions  and  perceptions.  As  a  matter  of 
fact,  many  of  our  ordinary  movements  are  accomplished  without  our 
being  conscious  of  them.  They  take  place  under  the  guidance  of  the 
basal  ganglia. 

The  degree  of  intelligence  in  the  animal  kingdom  is  in  relation  to  tb& 

size  of  the  cerebral  hemispherea,  in  proportion  to  the  mass  of  the  other  parts  of  the 
central  nervous  system.  Taking  the  brain  alone  into  consideration,  we  observe 
that  those  animals  have  the  highest  intelligence  in  which  the  cerebral  hemispheres 
greatly  exceed  the  mid  brain  in  weight.  The  mid  brain  is  represented  by  the 
optio  lobes  in  the  lower  vertebrates,  and  by  the  corpora  quadrigemina  in  the  higher 
vertebrates.  In  Fig.  357,  VI  represents  the  brain  of  a  carp ;  V,  frog ;  and  IV» 
pigeon.  In  aU  these  cases  1  indicates  the  cerebral  hemispheres ;  2,  the  optic  lobes  ; 
3,  the  cerebellum  ;  and  4,  the  medulla  oblongata.  In  the  carp,  the  cerebral  hemi- 
spheres are  smaller  than  the  optic  lobes,  in  the  frog,  they  exceed  the  latter  in  size. 
In  the  pigeon  the  cerebrum  begins  to  project  backward  over  the  cerebellum.  The 
degree  of  intelligence  increases  in  these  animals  in  this  proportion.  In  the  dog*B 
bndn  (Fig.  357,  II),  the  hemispheres  completely  cover  the  corpora  quadrigemina, 
but  the  cerebellum  still  lies  behind  the  cerebrum.  In  man  the  occipital  lobes  of 
the  cerebrum  completely  overlap  the  cerebellum  (Fig.  353). 

Meynert'S  Theory. — According  to  Mesmert,  we  may  represent  this  relation 
in  another  way.  As  is  known,  fibres  proceed  downwards  from  the  cerebral 
hemispheres  throuii^h  the  crusta  or  basis  of  the  cerebral  peduncle.  These  fibres 
are  separated  from  the  upper  fibres  or  tegmentum  of  the  peduncle  by  the  locus 
niger,  the  tegmentum  being  connected  with  the  corpora  quadrigemina  and  the 
optic  thalamus.  The  larger,  therefore,  the  cerebral  hemispheres  the  more 
numerous  will  be  the  fibres  proceeding  from  it.    In  Fig.  357)  II)  is  a  tranaversQr 
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flectUm  of  the  posterior  corpora  qnadrigemina,  with  the  aqueduct  of  Sylvius,  and 
both  oerebnJ  pedimcles  of  an  adult  man ;  ;?,  p  is  the  cmsta  of  each  peduncle,  and 
aboTe  it  lies  the  locus  niger  («).  Fig.  357,  IV,  shows  the  same  parts  in  a  monkey; 
m,  in  a  dog;  and  V,  in  a  guinea-pig.  The  crusta  diminishes  in  the  above  series* 
There  is  a  corresponding  diminution  of  the  cerebral  hemispheres,  and  at  the  samft 
time  in  the  intelligence  of  the  corresponding  animals. 

Snld  and  OyrL — The  degree  of  intelligence  also  depends  upon  the  number 
and  depth  of  the  convolutions.  In  the  lowest  vertebrates  (fish,  frog,  bird)  th» 
fuiTOws  or  sulci  are  absent  (Fig.  357,  IV,  V,  VI) ;  in  the  rabbit  there  are  twa 
shallow  furrows  on  each  side  (III).  The  dog  has  a  complexly  furrowed  cerebrum. 
(I,  II).  Most  remarkable  is  the  complexity  of  the  sulci  and  convolutions  of  th»- 
cerebrum  of  the  elephant,  one  of  the  most  intelligent  of  animals.  Nevertheless,, 
some  very  stupid  animals,  as  the  ox,  have  very  complex  convolutions. 

The  absolute  weight  of  the  brain  cannot  be  taken  as  guide  to  the  intelligence. 
The  elephant  has  ctb&olutely  the  heaviest  brain,  but  man  has  relatively  the 
heaviest  brain. 

[We  ought  also  to  take  into  account  the  complexity  of  the  convolutions  and  the 
depth  of  the  grey  matter,  its  vascularity,  and  the  amount  of  anastomoses  betweei^ 
its  nerve  cells.] 

Time  an  Element  in  all  Psychical  Processes. — ^Every  psychical 
process  requires  a  certain  time  for  its  occurrence — a  certain  time 
always  elapses  between  the  application  of  the  stimulus  and  the  con- 
scious reaction. 


Beaction  Time. — ^This  time  is  known  as  **  reaction  time,*^  and  is  distinctly 
longer  than  the  simple  reflex  time  required  for  a  reflex  act.  It  can  be  measured 
by  causing  the  person  experimented  on  to  indicate  by  means  of  an  electrical  signal 
the  moment  when  the  stimulus  is  applied. 

The  reaction  time  consists  of  the  following  events: — (l)The  duration  of  per- 
ception, i,e.y  when  we  become  conscious  of  the  impression;  (2)  the  duration  of 
the  time  required  to  direct  the  attention  to  the  impression ;  and  (3)  the  duration 
of  the  voluntary  impulse,  together  with  (4)  the  time  required  for  conductiDg  the 
impulse  in  the  afferent  nerves  to  the  centre,  and  (5)  the  time  for  the  impulse  to 
travel  outwards  in  the  motor  nerves.  If  the  signal  be  made  with  the  hand,  then 
the  reaction  time  for  the  impression  of  sound  is  0*136  to  0*167  second;  for  taste, 
0'15  to  0-23;  touch,  0*133  to  0*201  second  (Horsch,  v.  Vintschgau  and  H5ing- 
schmied,  Auerbach,  Exner,  and  others);  for  olfactory  impressions,  which,  of 
course,  depend  upon  many  conditions,  (the  phase  of  respiration,  current  of  air),. 
0*2  to  0*5  second  Intense  stimulation,  increased  attention,  practice,  expecta* 
tion,  and  knowledge  of  the  kind  of  stimulus  to  be  applied,  all  diminish  the  time. 
Tactile  impressions  are  most  rapidly  perceived  when  they  are  applied  to  the  most 
sensitive  parts  (v.  Vintschgau).  The  time  is  increased  with  very  strong  stimuli, 
and  when  objects  di£5cult  to  be  distinguished  are  applied  (v.  Helmholtz  and 
Baxt).  The  time  required  to  direct  the  attention  to  a  number  consisting  of  1  to  3 
figures,  Tigerstedt  and  Bergquist  found  to  be  0*015  to  0*035  second.  Alcohol  and 
the  aniesthetics  alter  the  time ;  according  to  their  degree  of  action  they  shorten 
or  lengthen  it  (Krftplin).  In  order  that  two  shocks  appUed  after  each  other  be 
distinguished  as  two  distinct  impressions,  a  certain  interval  must  elapse  between 
the  two  shocks,  for  the  ear  0HX)2  to  0*0075  second ;  for  the  eye,  0*044  to  0*047 
second;  for  the  finger,  0*277  second. 
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In  sleep  and  waking,  we  observe  the  periodicity  of  the  active  and  passive  con- 
ditions of  the  brain.  During  sleep,  there  is  diminished  excitability  of  the  whole 
nervous  system,  which  is  only  partly  due  to  the  fatigue  of  afferent  nerves,  bat  is 
largely  due  to  the  condition  of  tiie  central  nervous  system.  During  sleep,  we  reqoira 
to  apply  strong  stimuli  to  produce  reflex  acts.  In  the  deepest  sleep*  the  psychical 
or  mental  processes  seem  to  be  completely  in  abeyance,  so  that  a  person  asleep 
might  be  compared  to  an  animal  with  its  cerebral  hemispheres  removed.  Towaids 
the  approach  of  the  period  when  a  person  wakens,  psychical  activity  may  manifest 
itself  in  the  form  of  droams,  which  differ,  however,  from  normal  mental  pro- 
cesses. They  consist  either  of  impressions,  where  there  is  no  objective  cause 
(hallucinations),  or  of  voluntary  impulses  which  are  not  execated,  etc  trains  of 
thought,  where  the  reasoning  and  judging  powers  are  distorbed.  Often,  especially 
near  the  time  of  waking,  the  actual  stimuli  may  so  act  as  to  give  rise  to  im- 
pressions which  become  mixed  with  the  thoughts  of  a  dream.  The  diminished 
activity  of  the  heart  (§  70,  3,  e),  the  respiration  (§  127,  4),  the  gastric  and  in- 
testinal movements  (§  213,  4,  ),  the  formation  of  heat  (§  216,  4),  and  thA 
secretions  point  to  a  diminished  excitability  of  the  corresponding  nerve-centres, 
and  the  duninished  reflex  excitability  to  a  corresponding  condition  of  the  spinal 
oord.  The  pupils  are  narrow  during  sleep,  the  deeper  the  latter  is,  so  that  in  the 
deepest  sleep  they  do  not  become  contracted  on  the  application  of  li^t.  Th« 
pupils  dilate  when  sensory  or  auditory  stimuli  are  applied,  and  that  the  more  th« 
lighter  the  sleep;  they  are  widest  at  the  moment  of  awaking  (Plotke).  During 
sleep,  there  seems  to  be  a  condition  of  increased  action  of  certain  sphincter 
muscles — those  for  contracting  the  pupil  and  closing  the  eyelids  (Rosoibach).  The 
soundness  of  the  sleep  may  be  deternuned  by  the  intensity  of  the  sound  re- 
quired to  waken  a  person.  Kohlschiitter  found  that  at  first  sleep  deepens  very 
quickly,  then  more  slowly,  and  the  maximum  is  reached  after  one  hour  (according 
to  Mdnninghoff  and  Priesbergen  after  1}  hours);  it  then  rapidly  lightens,  until 
several  hours  before  waking  it  is  very  light.  External  or  internal  stimuli  may 
suddenly  diminish  the  depth  of  the  sleep,  but  this  may  be  followed  again  hgr 
deep  sleep.    The  deeper  the  sleep,  the  longer  it  lasts. 

The  cause  of  sleep  Ib  the  using  up  of  the  potential  energy,  especially  in  the 
central  nervous  system,  which  renders  a  restitution  of  energy  necessary.  Per- 
haps the  accumulation  of  the  decomposition  products  of  the  nervous  aotivil^  mmy 
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also  act  (?  laetates^FlneyQr),  as  prodnocars  of  sleep.  Steep  cannot  be  kept  up  for 
above  a  certain  time,  nor  can  it  be  interrapted  voluntarily.  Many  norcoticB 
■apidly  prodooe  sleep. 

H3rpiiOti8III»  or  Animal  Magnetism.— [Most  important  observations  on  this 
eabject  were  made  by  Bradd  of  Manchester,  and  many  of  the  recent  rediscoveries  of 
Weinhold,  Heidenhain,  and  others  confirm  Braid's  results.]  Heidenhain  assumes 
that  the  cause  of  this  condition  is  due  to  an  inhibition  of  the  ganglionic  cells  of  the 
cerebrum,  produced  by  continuous  feeble  stimulation  of  the  face  (slight  stroking  the 
skin  or  electrical  a]^lications),  or  of  the  optic  nerve  (as  by  gazing  steadily  at  a  small 
brilliant  object),  or  of  the  auditory  nerve  (by  uniform  sounds) ;  whUe  sudden  and 
etroBg  stimulation  of  the  same  nerves,  especially  blowing  upon  the  Ibce,  abolishes 
the  condition.  Betger  [and  so  did  Carpenter  and  Braid  long  ago]  attributes  great 
importance  to  the  psychological  factor,  whereby  the  attention  was  directed  to  a 
particular  part  of  the  body.  The  facility  with  which  different  persons  become 
hypnotic  varies  very  greatly.  When  the  hypnotic  condition  has  been  produced  a 
number  of  times,  its  subsequent  occurrence  is  facilitated,  e,g.f  by  merely  pressing 
upon  the  brow,  by  placing  the  body  passively  in  a  certain  position,  or  by  strok- 
ing the  skin.  In  some  people  the  mere  idea  of  the  condition  suffices.  A 
hypnotised  person  is  no  longer  able  to  open  his  eyelids  when  they  are  pressed 
together.  This  is  followed  by  spasm  of  the  apparatus  for  accommodation  in  the 
eye,  the  range  of  accommodation  is  diminished,  and  there  may  be  deviation  of  the 
position  of  the  eyeballs ;  then  follow  phenomena  of  stimulation  of  the  sympathetic 
in  the  oblongata ;  dilatation  of  the  fissure  of  the  eyelids  and  the  pupil,  exoph- 
thalmos, and  increase  of  the  respiration  and  pulse.  At  a  certain  stage  there  may  be 
a  great  increase  in  the  fineness  of  the  functions  of  the.sense-organs,  and  also  of  the 
muscular  sensibility.  Afterwards  there  may  be  analgesia  of  the  part  stroked,  and 
loss  of  taste ;  the  sense  of  temperature  is  lost  less  readily,  and  still  later,  that  of 
eight,  smell,  and  hearing.  Owing  to  the  abolition  or  suspensi<m  of  consciousness, 
stimuli  applied  to  the  sense-organs  do  not  produce  conscious  impressions  or  percep- 
tions. But  stimuli  applied  to  the  sense-organs  of  a  hypnotised  person  cause  move- 
ments, which,  however,  are  unconscious,  although  they  simulate  voluntary  acts.  In 
persons  with  greatly  increased  reflex  excitability,  voluntary  movements  may  excite 
reflex  spasms ;  the  person  may  be  unable  to  co-ordinate  his  organs  for  speech. 

T3rp08. — According  to  Griltzner,  there  are  several  forms  of  hypnotism— 1, 
Passive  sleep,  where  words  are  still  understood,  which  occurs  especially  in  girls; 

2,  owing  to  the  increased  reflex  excitability  of  the  striped  muscles,  certain  groups 
of  muscles  may  be  contracted — a  condition  which  may  last  for  days,  especially  in 
strong  people ;  at  the  same  time  ataxia  may  occur,  and  the  muscles  may  faU  to 
perform  their  functions  {artificial  katcdepsy).  During  the  stage  of  lethargy  in 
hysterical  persons,  the  tendon  reflexes  are  often  absent  (Charcot  and  Richer); 

3,  autonomy  at  caU,  t.e.,  the  hypnotised  person — in  most  cases  the  consciousness 
is  still  retained — obeys  a  command,  in  his  condition,  of  light  sleep.  When  the 
hand  is  grasped  or  the  head  stroked,  he  executes  involuntary  movements — runs 
about,  dances,  rides  on  a  stool,  and  the  like ;  4,  haUudnatUms  occur  only  in  seme 
individuals  when  they  waken  from  a  deep  sleep,  the  hallucinations  (usually  con- 
sisting of  the  sensation  of  sparks  of  fire  or  odours),  being  very  strong  and  well  pro- 
nounced ;  5,  imitation  is  rare,  ordinary  movements,  such  as  walkiiig,  are  easily 
imitated,  the  finer  movements  occur  rarely.  The  ^*eeho  speech^*  is  produced  by 
pressure  upon  the  neck,  speaking  into  the  throat,  or  against  the  abdomen.  Pres- 
enre  over  the  right  eyebrow  often  ushers  in  the  speech.  Colour-sensation  is 
suspended  by  placing  the  warm  hand  on  the  eye,  or  by  stroking  the  opposite  side 
of  the  head  (Colm)L.  Stroking  the  limbs  in  the  reverse  direction  gradually  removes 
the  rigidi^  of  the  Bmbs  and  causes  the  person  to  waken.  Blowing  on  a  part  does 
so  at  onoe.  Insane  persons  can  be  hypnotlBed.  Disagreeable  results  follow  only 
when  the  condition  ia  induced  too  often  and  too  oontinuooaly. 
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Hypnotiim  in  Animalf.— A  hen  remains  in  a  rigid  poaition  when  aa  object  ia 
aaddenly  placed  before  its  eyes,  or  when  a  straw  is  placed  oyer  its  beak,  or  when 
the  head  of  the  animal  is  pressed  on  the  ground  and  a  chalk  line  made  before  its 
beak  (Kiroher's  experimentnm  mirabile,  16i4).  Birds,  rabbits,  and  frogs  remain 
passiye  for  a  time  after  they  have  been  gently  stroked  on  the  back  fi>r  a  time. 
Crayfish  stand  on  their  head  and  claws  (Czermak). 

375.  The  Motor  Cortical  Centres  of  the  Cerebrum, 

[In  connection  with  the  localisation  of  the  centres  in  the  cortex,  it  is  important 
to  be  thoroughly   acquainted  with  the   arrangement  of   the   cerebral   co&to* 


Fig.  353. 

Left  side  of  the  human  brain,  partly  diagrammatic  (after  Ecker) — F,  frontal  lobe ; 
P,  parietal  lobe ;  O,  occipital  lobe ;  T,  temporo-sphenoidal  lobe ;  S,  fissure  of 
Sylvius;  S',  horizontal;  S",  ascending  ramus  of  S ;  c,  sulcus  centralis,  or 
fissure  of  Rolando ;  A,  ascending  frontal,  and  B,  ascending  parietal  convolu- 
tion; Fi,  superior,  F^,  middle,  and  Fj,  inferior  frontal  convolutions;  /i, 
superior,  and  /«,  inferior  frontal  fissures  ;  /s,  sulcus  pnecentralis ;  P,  superior 
parietal  lobule ;  Ps,  inferior  parietal  lobule,  consisting  of  Pg,  supra-marginal 
gyms,  and  P3',  angular  gyrus,  ip  sulcus  uiterparietalis ;  cm,  termination  of 
caUoso-marginal  fissure ;  Oi,  first,  Os,  second,  Os,  third  occipital  convolutions; 
po,  parietal-occipital  fissure ;  0,  transverse  occipital  fissure ;  oj,  inferior 
longitudinal  occipital  fissure ;  Ti,  first,  Ts,  second,  Tg,  third  temporo-sphenoidal 
oonvolutious ;  ti,  first,  /ji  second  temporo-sphenoidal  fissures* 


oasvoLxmoNB  of  the  cerebrum. 
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Intions,  Each  half  of  the  oerebral  sarfiuse  la  divided  by  oertain  fismreB  into  five 
Uhes—frofntali  parietal,  oedpUal,  temporo-sphenoidal,  and  central,  or  Idand  qf  Beit 
(Fig.  353).  The  frontal  lobe  (Fig.  353)  conairta  of  three  oonYolntiona,  with 
nnmerooa  aeoondory  folda  running  nearly  horiaontal^  named  anperior  (Fi),  middle 
(F2),  and  inferior  (Fs)  frontal  conyolationa.  Behind  these  ia  a  large  convolution, 
the  aaoending  frontal  (A),  which  aacenda  almost  vertically^  inmiediately  behind 
these,  separated  from  them,  however,  by  the  pneoentral  fissure  (/s),  and  mapped  off 
behind  by  the  fissure  of  Rolando,  or  the  central  sulcus  (e).] 

[The  parietal  lobe  (Fig.  353,  P)  is  limited  in  front  by  the  fissure  of  Rolando, 
below  ui  part  by  the  Sylvian  fissure,  and  behind  by  the  parieto-occipital  fissure. 
It  consists  of  the  ascending  parietal  (posterior  central)  convolution  (Fig.  353,  B), 
which  ascends  just  behind  the  fissure  of  Rolando,  and  parallel  to  the  ascending 
frontal,  with  which  it  is  continuous  below ;  above,  it  becomes  continuous  with  the 
superior  parietal  lobule  (Pi),  while  the  latter  is  separated  from  the  inferior  parietal 
lobule  (pli  eowrbe)  by  the  inter-parietal  sulcus.  The  inferior  parietal  lobule  consists 
of  (a)  a  part  arching  over  the  upper  end  of  the  Sylvian  fissure,  the  supra-marginal 
convolution  (P^),  which  ia  continuous  with  the  superior  temporo-sphenoidal  convolu- 
tion. Behind  is  (h)  the  angular  gyms  (Pi%  which  arches  round  the  posterior  end 
of  the  parallel  fissure,  and  becomes  connected  with  the  middle  temporo-sphenoidal 
convolution.] 

[The  temporo-sphenoidal  lobe  (Fig.  353,  T)  consists  of  three  horizontal  con- 
volutions—superior,  middle,  and  inferior— the  two  former  being  separated  by  the 
parallel  sulcus,  while  the  whole  lobe  is  mapped  off  from  the  frontal  by  the 
Sylvian  fissure  (S).] 


Fig.  354. 
Median  aspect  of  the  right  hemisphere  (after  Ecker)— CC!,  corpus  callosum  divided 
longitudinally ;  6f,  gyrus  f omicatns ;  H,  gyrus  hippocampi ;  h,  sulcus  hippo- 
campi; U,  uncinate  gyrus;  cm,  calloso-marginal  fissure;  F,  first  frontal 
convolution ;  c,  terminal  portion  of  fissure  of  Rolando ;  A,  ascending  frontal; 
B,  ascending  parietal  convolution;  Pi',  prsecuneus;  Oz,  cuneus ;  Po,  parieto- 
occipital fissure;  oi,  transverse  occipital  fissure;  oc,  calcarine  fissure;  oc', 
auperior,  oc",  inferior  ramus  of  the  same ;  D,  gyrus  descendens ;  T4,  gyrus 
occipito-temponJis  lateralis  (lobulus  fusiformlB);  T5,  gyrus  oodpito-temporaliB 
medialis  (lobulus  lingualis). 
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[The  oeeipital  lobe  {Fif^.  363;  0)  is  small,  forms  the  rounded  posterior  end  of  the 
eerebmm,  and  is  separated  from  the  parietal  lobe  by  the  parieto-occipital  fissure, 
which  fissure  is  bridged  over  at  the  lower  part  by  the  four  aanectent  gyii 
(pR$  de  pattoffe  of  Gratiolet).  It  has  three  eonvolutiona-Hiaperior  (Oi),  middle 
(Os),  and  inferior  (Os)  on  its  enter  sorfaca.] 

[The  central  lobe,  or  Island  of  SeiL  oonsists  of  five  or  six  short,  straight 
oonvolntions  (gyri  operti — Fig.  356),  radiating  outwards  and  backwards  from  near 
the  anterior  perforated  spot,  and  can  only  be  seen  when  the  margins  of  the  Sylvian 

fissure  are  pulled  asunder.  The  op^- 
culun,  consisting  of  the  extremities 
of  the  inferior  frtintal,  ascending 
parietal  and  frontal  convolutions,  lie 
outside  it.] 

[On  the  inner  or  me»al  surface  of 
the  cerebrum  are — 

The  gyruB  fornioatof  (Fig.  364^ 

Gf),  or  convolution  of  the  corpua 
callosum,  which  runs  parallel  to  and 
bends  round  the  anterior  and  pos- 
terior extremities  of  the  corpus  cal- 
losum, terminating  posteriorly  in  the 
gyrus  uncinatus  or  gyrus  hippocampi 
(Fig.  354,  H),  and  ending  anteriorly  in 
crooked  extremity,  the  subiculum 
comu  ammonis  (Fig.  354,  U).  Abovo 
it  is  the  calloso  •  marginal  fissure- 
(Fig.  354,  cm),  and  running  parallel 
to  it  is  the  marginal  convolution 
(Fig.  354),  which  lies  between  the 
latter  fissure  and  the  margin  of  the 
longitudinal  fissure;  it  is,  however, 
merely  the  mesial  aspect  of  the 
frontal  and  parietal  convolutions.  The 
Fig,  355.  quadrate  lobule  or  prcecuneus  lies  (Fig. 

Orbital  surface  of  the  left  frontal  lobe  and  364^  Pi)  between  the  posterior  ex- 
the  Island  of  Reil,  the  tip  of  the  tremity  of  the  calloso-marginal  fissure 
temporo-sphenoidal  lobe  removed  to  and  the  parieto-occipital  fissure;  it 
show  the  latter  (after  Tumer)--17,  "  merely  the  mesial  aspect  of  the 
convolution  of  the  margin  of  the  ascending  parietal  convolution.  The 
longitudinal  fissure;  O,  olfactory  parieto-occipital  fissure  terminates  be- 
fissnxe,  with  the  olfactory  lobe  re-  low  in  the  calearine  fissure  (Fig.  354, 
moved;  TR,  triradiate  fissure ;  1*  and  oc),  and  the  latter  runs  backwards  in 
1'*,  convolutions  on  the  orbital  surface;  the  occipital  lobe  dividing  it  into  two 
1,  1,  1,  1,  under  surface  of  the  infero-  branches,  ocf,  oc".  Between  the 
frontal  convolution;  4,  under  surface  parieto-occipital  and  calcarine  fissures 
of  the  ascending  frontal,  and  5,  of  the  li«8  the  wedge-shaped  lobule  termed 
ascending  parietal  convolutions;  C,  the  euneus  (Fig.  354,  oz).  The  cal- 
oentral  lobe  or  island.  carine  fissure  indicates  on  the  surface 

the  position  of  the  calear  awe  or  hippo- 
campVLS  minor y  in  the  posterior  comu  of  the  lateral  ventricle.  The  dentate  fissure 
or  iulcas  hippocampi  (Fig.  S54,  A),  marks  the  position  of  the  elevation  of  the 
hippocampus  major,  or  comu  ammonis,  in  i^e  lateral  ventricle.  The  tempofo- 
tphenoidal  lobe  terminates  anteriorly  in  the  undnate'gyrus,  while,  running  along 
the  former  and  the  occipital  lobes,  is  the  coUaieraX  fissure  (ooeipito-temporal  sulcus) » 
which  marks  the  position  of  the  emenentia  ooUateralis  in  the  descending  comu 
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of  iho  lateral  Tentricle,  while  it  also  separates  the  superior  from  the  U^erior 
temporo-occipital  convolntions  (T4  and  T5).] 


Fig.  356. 

View  of  the  brain  from  above,  semi-diagrammatic— Sj,  end  of  ramus  of  th9 
Sylvian  fissare.    The  other  letters  refer  to  the  same  parts  as  in  Fig.  353. 

[The  general  arrangement  of  these  lohes,  coTivohUiona,  and  fissures,  is  shown  in 
Figs.  353,  354^  355, 356.] 

Motor  Centres. — Fritsch  and  Hitzig  (1870)  discovered  a  series 
of  circmnscribed  regions  on  the  surface  of  the  cerebral  convolutions, 
whose  stimulation,  by  means  of  electricity,  causes  movemenis  in  quite 
distinct  groups  of  muscles  of  the  opposite  side  of  the  body  (Fig.  357^ 

i,n). 

Methods, — ^The  snrface  of  the  cerebnim  is  expoeed  in  an  animal  (dog,  monkey  J,. 
by  removing  a  part  of  the  sknU  oovering  the  so-called  motor  oonvolations,  and 
dividing  the  dnta  mater.  When  the  oonvolations  are  freely  exposed,  a  pair  of 
blunt  Bon-polarisable  (§  328)  needle  electrodes  are  applied  near  each  other  to 
vaxions  parts  of  the  cerebral  surface.  We  may  employ  the  closing  or  opening 
shock  of  a  constant  current,  or  the  constant  current  may  be  rapidly  interrupted; 
the  coxrent  being  of  such  a  strength  as  to  be  distinctly  perceived  when  it  is 
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applied  to  the  tip  of  the  tongne  (Fritsch  and  Hitzig).  Or  the  induood  carreni 
may  be  nsed  (Ferrier,  1873),  of  sach  a  strength  that  it  is  readily  felt  when  applied 
to  the  tip  of  the  tongue.  The  cerebrum  is  completely  inaensibU  to  aeoere  opera- 
tiotu  made  upon  U, 

The  areas  of  the  cerebral  cortex,  whose  stimulation  discharges  the 
characteristic  moyements,  are  regarded  as  adual  centres,  because  the 
reaction  time  after  stimulation  of  the  centres,  and  the  duration  of  the 
muscular  contraction,  are  longer  than  when  the  sub-cortical  fibres, 
which  lead  towards  the  deeper  parts  of  the  brain,  are  stimulated. 
Another  circumstance  favouring  this  view  is,  that  the  excitability  of 
these  areas  is  influenced  by  the  stimulation  of  afferent  nerves  (Bubnoff 
and  Heidenhain).  It  is  probable  that  these  centres  are  acted  upon  by 
voluntary  impulses  in  the  execution  of  voluntary  movements.  Hence, 
they  may  be  called  "psychomotor  centres"  The  motor  areas  of  the 
cerebrum  (dog,  cat,  sheep)  are  characterised  by  the  presence  of  specially 
large  pyramidal  cells  (Betz,  1874;  Merzejewsky,  Bevan  Lewis);  while 
similar  cells  were  found  by  Obersteiner  in  the  areas  marked  4  and  8 
(Fig.  357),  and  Betz  found  them  in  the  anterior  central  convolution  of 
man,  in  the  third  frontal  convolution,  and  in  the  Island  of  ReiL 
O.  Soltmann  found  that,  stimulation  of  the  motor  areas  in  newly-born 
animals  is  without  result,  while  only  the  deeper  fibres  of  the  corona 
Tadiata  are  excitable. 

Modifying  ConditionB. — In  the  condition  of  deep  narcosis,  produced  hy  chloro- 
form, ether,  chloral,  morphia,  or  in  apncea,  the  excitahility  of  the  ceotres  Is 
aholished  (Schiff ),  whilst  the  snhcortical  conducting  paths  still  retain  their  excita- 
bility (Bubnoff  and  Heidenhain).  Small  doses  of  these  poisons  and  also  of  atropin 
at  first  increase  the  excitability  of  the  centres.  Moderate  loss  of  blood  excites 
them,  while  a  great  loss  of  blood  diminishes  and  then  abolishes  the  excitability 
(Munk  and  Orschansky).  Slight  inflammation  increases,  while  cooling  diminishes, 
the  excitability.  If  the  cortex  cerebri  be  removed  in  animals,  the  excitability  of 
the  fibres  of  the  corona  radiata  is  completely  abolished  about  the  fourth  day,  just  as 
in  the  case  of  a  peripheral  nerve  separated  from  its  centre  (Albertoni,  Michieli, 
Dupuy,  Franck,  and  Pitres). 

As  the  fibres  of  the  corona  radiata  (or  projection  system  of  the  first  order)  oon- 
verge  towards  the  centre  of  the  hemisphere,  it  is  evident  that,  after  removal  of 
the  cortex,  stimulation  of  these  fibres  in  the  deeper  jiarts  of  the  hemisphere  is 
followed  by  the  same  motor  results  (Gliky  and  Eckhard).  The  stimulus  is  applied 
merely  to  a  deeper  part  of  the  motor  path.  If  the  stimulus  be  applied  to  parts 
situated  still  more  deeply,  as  for  example,  to  the  internal  capetde,  general  con- 
traction of  the  muscles  on  the  opposite  side  is  the  result. 

Time  Belations  of  the  Stunulation.~According  to  Franck  and  Pitres,  the 
time  which  elapses  between  the  moment  of  stimulation  of  the  cortex  and  the  re- 
sulting movement,  after  deducting  the  period  of  latent  stimulation  for  the  muscles, 
and  the  time  necessary  for  the  conduction  of  the  impulse  through  the  oord  and 
nerves  of  the  extremities,  is  0*045  second.  Heidenhain  and  Bubnoff  found  that, 
during  moderate  morphia-narcosis,  when  the  stimulating  current  was  increased  in 
«trength,  the  muscular  contraction  and  the  reaction  time  became  shorter.  After 
removal  of  the  cortex,  the  occurrence  of  the  muscular  contraction,  from  the 
moment  of  stimulation  of  the  white  matter,  is  diminished  }  to  ^.    The  fonn  of  the 
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Fig.  357. 
E,  Cerebnun  of  the  dog  from  ftbove;  II,  from  the  sidej  I,  II,  III,  IV,  Vb»  four 
primaTy  conTolations, — S,  enlcas  cruciatna;  F,  Sjlrian  fossa;  o,  olfitotory 
lobe ;  p,  optic  nerve ;  1,  motor  area  for  toe  mnsclea  of  tbe  nook ;  3, 
eztenaon  and  addnctora  of  tHe  fore  limb ;  3,  Flexor*  and  rolatorg  of  the  fors 
limb;  4,  the  muBcles  of  the  hind  limb;  6,  the  facial  musclet;  6,  lateral 
switching  morementa  of  the  tail;  7,  retraotjon  and  abduction  of  the  fore 
limb ;  8^  eleTatdon  of  the  ahonlder  and  esteoalon  of  fore  limb  (moTementa  as 
in  walking);  9,  9,  Orbicnlarii  palpebramm,  jygomaticiia,  cloaore  of  the  eye- 
lidi.  II — a,  a,  Retraction  and  elevation  of  t^e  angle  of  the  mouth  |  b,  opening 
of  the  month  and  movemente  of  the  tongue  {oral  centre);  e,  c,  platyama; 
d,  opening  of  the  eye;  I,  t,  thermic  centre,  according  to  Euleziborg  and 
I^doii,  Fig.  Ill,  Cerebrum  of  the  rabbit  from  above  t  iV,  Cerebrom  of  the 
pigeon  from  above;  V,  Cerebrum  of  the  frog  from  above;  VI,  Cerebrum  of 
she  carp  from  above— (in  all  these  o  ia  the  olfactory  lobe — 1,  cerebmm;  2, 
optio  lobe;  8,  cei«beUiun;  4,  medulla  oblongata.) 
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snuoQlar  oontraotioii  is  longer  and  more  extended,  when  the  cortex,  than  when 
the  eabcortioal  pfttha  are  stimiiUted.  If  the  aniznml  (dog)  be  in  a  state  of  hi^ 
reflex  excitability,  these  differences  disappear;  in  both  cases  the  contractioia 
follows  yery  rapidly  (Bnbnoff  and  Heidenhain).  If  the  sttmnlus  be  Yeiy  strongs 
the  mnsdes  of  the  same  side  may  contract,  bat  somewhat  later  than  those  of  the^ 
opposite  side.  If  the  motor  areas  for  the  fore  and  hind  limbs  be  stimnlated. 
nmultaneoosly,  the  latter  contract  somewhat  after  the  former. 

If  40  stimuli  per  second  be  applied  to  a  motor  area,  then  the  corresponding; 
mnsdes  yield  40  single  contractions;  while,  with  46  single  stimuli  per  second, 
there  resnlts  a  continued  complete  contraction.  In  one  and  the  same  animal,  the 
tame  number  qf  ttimvU  is  required  to  produce  a  continuous  contraction,  whether 
the  cortical  centre,  the  motor  nerve,  or  even  the  muscle  itself^  be  stimulated. 
With  very  feeble  stimuli,  mmnuUion  qf$UmuU  takes  place,  for  the  muscular  con- 
traction only  begins  after  seyeral  ineffective  stimuli  have  been  apx^ied. 

Primary  FlBsures  and  Convolutions  of  the  Dog's  Brain.— The  poeiUon 

of  the  motor  centres  in  the  dog's  brain  is  indicated  in  Fig.  367, 1  and  II.  The 
d()g's  brain  is  marked  by  two  **  primary  fissures,"  viz.,  the  tulcus  cruekUtu  (Lenret) 
(S),  which  intersects  the  longitudinal  fissure,  at  a  right  angle,  at  the  junction  of 
its  anterior  with  its  middle  third.  This  fissure  has  been  called  the  sulcus  frontalis 
(Owen),  or  the  fissura  coronalis.  The  second  primary  fissure  is  the/oMa  SylvU  (F). 
Four  "primary  convolutions,**  in  addition,  are  arranged  with  reference  to  these 
primary  fissures.  The  first  primaiy  convolution  (I),  in  the  form  of  a  sharply  curved 
knee,  embraces  the  fossa  Sylvii  (F).  The  second  convolution  (II)  runs  nearly 
*  parallel  to  the  first  The  fourth  primary  convolution  (IV)  bounds  the  longitudinal 
fissure,  and  is  separated  from  its  fellow  of  the  opposite  side  by  the  falx  cerebri;, 
anteriorly  it  embraces  the  sulcus  cruciatns  (S),  so  that  it  is  divided  into  two  parte 
by  this  sulcus,  a  part,  the  gyrus  praecruciatus,  or  praefrontalis,  lying  in  front  of 
the  sulcus,  and  the  gyrus  postcruciatus  (postfrontalis)  lying  behind  it.  The  third 
primary  convolution  (III)  runs  parallel  to  the  fourth.  Some  authors  count  the 
convolutions,  from  the  longitudinal  fissure,  outwards. 

In  Fig.  367, 1  and  II,  the  motor  areas  or  centres  are  indicated  by  dots  in  the 
individual  primary  convolutions.  We  must  remember,  however,  that  the  centres 
are  not  mere  points,  but  that  they  vary  in  size  from  that  of  a  pea,  upwards, 
according  to  the  size  of  the  animal.  Motor  areas  have  been  mapped  out  in  the 
brain  of  the  monkey,  rabbit,  rat,  bird,  and  frog. 

Position  Of  the  Motor  Centres  (Dog).— Fritsch  and  Hitzig,  in  1870, 
mapped  out  the  following  motor  areas,  whose  position  may  be  readily 
found  on  referring  to  Fig.  357: — 1,  is  the  centre  for  the  muscles  of 
the  neck;  2,  for  the  extensors  and  adductors  of  the  fare-Umb;  3,  for  . 

the  flexion  and  rotation  of  the  fore-leg;   4,  for  the  movements  of  '' 

the  hiridrlimb,  which  Luciani  and  Tamburini  resolved  into  two 
antagonistic  centres ;  5,  for  the  muscles  of  the  face^  or  the  facial  centre. 
In  1873,  Ferrier  discovered  the  following  additional  centres: — 6,  for 
the  lateral  switching  movements  of  the  tail;  7,  for  the  retraction  and 
abduction  of  the  fore-limb ;  8,  for  the  elevation  of  the  shoulder  and 
extension  of  the  fore-limb^  as  in  walking ;  the  area  marked  9,  9,  9, 
controls  the  movements  of  the  orbicularis  palpebrarum,  and  of  the 
zygomaticus  (closure  of  the  eyelids),  together  with  the  upward  move- 
ment of  the  eyeball  and  narrowing  of  the  pupil.  Stimulation  of 
the  areas,  a,  a,  (Fig.  II)  is  followed  by  retraction  and  elevation  of 
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the  angle  of  the  mouth,  with  partial  opening  of  the  mouth  j  at  h, 
Ferrier  observed  opening  of  the  mouth  with  protrusion  and  retraction 
of  the  tongue,  while  the  dog  not  unfrequently  howled.  He  called  this 
centre,  the  "arai  centre"  Stimulation  of  cc  causes  retraction  of  the 
angle  of  the  mouth,  owing  to  the  action  of  the  platysma,  whild  <f 
causes  elevation  of  the  angle  of  the  mouth  and  of  one-half  of  the  face, 
until  the  eye  may  be  closed,  just  as  in  9.  Stimulation  of  d  is  followed 
by  opening  of  the  eye  and  dilatation  of  the  pupil,  while  the  eyes  and 
head  are  turned  towards  the  other  side.  According  to  H.  Munk,  the 
fore-brain  has  an  influence  upon  the  attitude  of  the  body.  The  peri^ 
neal  muscles  contract  when  the  gyrus  postcruciatus  is  stimulated. 
Stimulation  of  the  gyrus  praecruciatus  on  its  anterior  and  sloping  aspect, 
causes  movements  in  the  pharynx  and  larynx. 

The  position  of  the  individual  motor  areas  may  vary  somewhat, 
and  they  may  be  slightly  different  on  the  two  sides  (Luciani  and 
Tamburini). 

Strong  Stimuli — If  the  stimulation  be  very  strong,  not  only  the 
muscles  on  the  opposite  side  contract,  but  those  on  the  same  side  may 
also  contract.  These  latter  movements  belong  to  the  class  of  associated 
movements,  and  are  due  to  conduction  through  commissural  fibres. 
Those  muscles,  which  usually  (muscles  of  mastication),  or  always 
(muscles  of  eye,  larynx,  and  face)  act  together,  appear  to  have  a  centre 
not  only  in  the  opposite  but  also  in  the  hemisphere  of  the  same  side 
(Exner). 

Mechanical  stimulation  has  no  effect  upon  these  centres.  Landois 
and  Eulenburg  observed,  that  chemical  stimulation  of  these  centres  by 
means  of  common  salt  caused  movements  in  the  extremities. 

Cerebral  Epilepsy. — It  is  of  great  practical  diagnostic  importance  to 
ascertain  if  stimulation  of  the  motor  areas  in  man,  due  to  local  diseases 
(inflammation,  tumours,  softening,  degenerative  irritation),  causes  move-* 
ments.  Hughlings-Jackson  answers  in  the  affirmative,  and  explains  in 
this  way  the  occurrence  of  unilateral,  local  epileptiform  spasms,  which 
were  observed  by  Ferrier  and  Landois  to  occur  after  inflammatory 
irritation.  Luciani  observed  these  spasms  in  dogs,  and  sometimes  they 
were  so  violent  and  general  as  to  constitute  an  attack  of  epilepsy.  This 
condition  became  hereditary,  and  the  animals  ultimately  died  from 
epilepsy  (p.  902).  According  to  Eckhard,  epileptic  attacks  are  never 
produced  by  stimulation  of  the  surface  of  the  posterior  convolutions. 

Strong  stimulation  of  the  motor  regions  gives  rise  in  dogs  to  a  complete  general 
coDYulsive,  epUeptie  attack,  which  osoally  begins  with  contractions  of  the  groups 
of  muscles  specially  related  to  the  stimulated  centre  (Ferrier,  Eulenburg  and 
Landois,  Albertoni,  Luciani  and  Tamburini),  then  often  passes  to  the  correspond- 
ing limb  of  the  opposite  side  (associated  moyements);  and,  lastly,  all  the  muscles  of 
the  body  are  thrown  into  tonio  and  then  into  clonic  spasms.    The  opposite  tide  of 
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the  body  haa  been  observed  to  pass  into  spasm  from  below  upwards,  after  tke  oooif- 
tractions  were  developed  in  the  other  side.  The  spasmodic  excitement  pumms 
from  centre  to  centre,  an  intermediate  motor  region  never  being  passed  over. 
Sometimes  feeble  stimnlati<m  above  the  internal  capenle  is  sufficient  to  cause  this 
^aadition.  After  this  condition  has  once  been  produced,  the  slightest  stimulatum 
3D^  suffice  to  bring  on  a  new  epileptic  attack  (§  373). 

Stimulation  of  the  aubcoriieal  white  matter  causes  epilepsy,  which,  however, 
iMgins  in  the  muscles  of  the  same  side  (Bubnoff  and  Heidenhain).  These  contrac- 
tions are  due  to  an  escape  of  the  electrical  current,  which  thus  reaches  the  medulla 
oblongata  (§  373). 

If  certain  motor  areas  are  extirpated,  the  epileptic  attack  is  absent  from  the 
muscles  controlled  by  these  areas  (Lnciani).  Separation  of  the  motor  cortical  area 
hy  means  of  a  horizontal  section  during  an  attack  cuts  short  the  latter  (Munk). 
During  an  epileptic  attack,  it  is  possible  to  excise  the  motor  area  of  one  extremity, 
•and  thus  exclude  this  limb  from  the  attack,  whilst  the  rest  of  the  body  is  oon- 
vulsed. 

The  continued  use  of  potasHum  bromide  prevents  the  possibility  of  producing 
epilepsy  on  stimulating  the  cortical  areas.  Atropin  in  small  doses  increases  the 
«xcitability  of  the  motor  areas,  while  in  large  doses  it  paralyses  them. 

Extirpation  of  the  motor  centres  is  followed  by  chaxacteristio  dis- 
turbances of  moTement  in  the  corresponding  muscles  on  the  opposite 
side  of  the  body.  Destruction  of  the  motor  areas  for  the  extremities 
makes  the  latter  powerless,  and  their  movements  become  awkward. 
Some  observers  characterise  these  phenomena  as  always  merely  tem- 
-pomry,  but  Landois  has  observed  them  to  persist  for  months.  In  dogs, 
especially,  the  feet  are  paralysed  for  all  those  movements  in  which  thej 
in^,  to  a  certain  extent,  used  as  hands  (Goltz) — ie.,  those  movements 
acquired  by  special  training.  Clinical  observations  on  man  show  that 
'degeneration  of  the  motor  cortical  areas  results  in  downward  degenera- 
tion of  the  pyramidal  tracts — ie.,  the  tracts  for  voluntary  movements 
{§  365),  and  in  monkeys  there  is  atrophy  of  the  corresponding  muscles 
{Schiff).  [Ferrier  has  shown  that,  when  the  centre  for  the  movements 
of  the  arm  of  a  monkey  is  extirpated,  there  is  paralysis  of  the  arm 
on  the  opposite  side  of  the  body,  and  subsequently,  the  arm  exhibits 
oontracture  from  the  descending  degeneration  which  takes  place.] 

The  higher  the  development  of  the  intelligence  of  the  animals,  the  more  their 
movements  have  been  learned,  and  have  gradnaUy  come  to  be  controlled  by  the 
wiU;  in  them  the  disturbance  of  the  motor  phenomena  becomes  more  pronomiced 
and  persistent  after  destruction  of  the  cortical  psychomotor  centres.  Whilst  in 
the  lower  vertebrates,  including  the  birds,  extirpation  of  the  whole  henuspheres 
does  not  materially  interfere  with  the  movements,  the  co-ordinated  reflex  move- 
ments being  sufficient ;  in  dogs  occasionaUy,  extirpation  of  several  motor  areas 
produces  visible  permanent  disturbance  of  motor  acts,  which  in  monkeys  and 
man  (§  378)  may  be  intense  and  of  long  duration. 

Among  the  movements  performed  by  men  are  many  which  have  been  acquired 
after  much  practice,  and  have  been  subjected  to  voluntary  control — e,g.,  the 
movements  of  the  hands  for  many  manual  occupations.  After  a  lesion  of  the 
psychomotor  centres,  such  movements  are  reacquired  only  very  slowly  and  incom- 
l^letely,  or  it  may  be  not  at  alL    Those  movements,  however,  which  are,  as  it 
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lv«re,  innate,  and  are  nnder  the  isontfol  of  the  "will  withoat  much  piactioe— tnoii 
as  the  associated  morements  of  the  eyes,  face,  some  of  those  of  the  limbs — are 
either  rapidly  restored  after  the  lesion,  or  they  appear  to  suffer  bat  slightly. 
After  a  lesion  of  the  cerebral  cortex,  the  &cial  muscles  are  never  so  completely 
paralysed  as  from  a  lesion  of  the  tmnk  of  the  facial  nerve;  usoally  the  ey^d  can  be 
closed  in  the  former  case.  The  movements  necessary  for  sucking  have  been  per^ 
formed  by  a  hemicephallc  infant. 

Theoretioal. — Hitzig  ascribes  the  disturbance  of  movement,  after  removal  o^ 
the  motor  centres,  to  the  loss  of  the  "muscular  ««fwt5ifity."  Schiff  ascribes  it t(> 
the  loss  of  tactile  sensibUUy,  According  to  Ferrier,  the  tactile  and  sensory  im- 
pressions are  not  appreciably  diminished  or  altered. 

The  descending  degeneration  of  the  pyramidal  tracts  in  the  lateral  columns^ 
according  to  Schiff,  occurs  after  section  of  the  posterior  half  of  the  cervical  spinal 
cord,  or  even  after  section  of  the  posterior  part  of  the  lateral  cchaxauL    After 
dividing  the   latter,    and   allowing  secondaiy  degeneration  to  take  place,   it  ia 
not  possible  to  discharge  movements  by  stimulating  the   cortex  cerebri.     The- 
posterior  columns  and  their  continuation  upwards  to  the  brain,  carry  the  impnlse» 
npwarda  to  the  cerebrum  (ascending  limb  of  the  reflex  arc),  where,  after  being 
modified  in  the  centres,  they  are  carried  outwards  by  the  pyramidal  traots  (desoend- 
ing  limb  of  the  reflex  arc).    Between,  but  deeper  in  the  brain,  lie  the  centres  for 
tactile  sensibility.    Landob  and  Eulenburg  observed  in  a  dog,  from  which  the- 
motor  centres  for  the  extremities  had  been  removed  on  both  sides,  that  the  move- 
ments became  completely  ataxic — i.e.,  the  animal  could  not  execute  such  co-ordi- 
nated movements  as  walking,  standing,  &c.    Goltz  regards  the  disturbances  of 
movement  after  injury  of  the  cortex  as  due  to  inhibition. 

Schiff  maintains  that,  when  the  cortex  cerebri  is  stimulated,  we  do  not  stimulate 
a  cortical  centre,  but  only  the  sensory  channels  of  a  reflex  arc,  the  continuation  of 
the  posterior  columns,  so  that  on  this  supposition  the  movements  resulting  from 
stimulation  of  the  motor  points  would  be  reflex  movements.  The  centres  lie  deeper 
in  the  brain.    This  view  is  not  generally  entertained. 

Modifying  Conditions. — ^The  excitability  of  the  motor  centres  is 
capable  of  being  considerably  modified.  Stimulation  of  sensoiy 
nerves  diminishes  it ;  thus  the  curve  of  contraction  of  the  muscles  be- 
comes lower  and  longer,  while  the  reaction  time  is  lengthened 
simultaneously.  Only  when,  owing  to  strong  stimulation  the  reflex 
muscular  contractions  are  vigorous,  the  excitability  of  the  corticat 
centres  appears  to  be  increased.  Specially  noteworthy  is  the  fact  that,, 
in  a  certain  stage  of  morphia-narcosis,  a  stimulus  which  is  too  feeble  to* 
discharge  a  contraction,  immediately  becomes  effective,  if  immediately 
before  the  stimulus  is  applied  to  the  cortical  centre,  the  skin  of  ceitaini 
cutaneous  areas  be  subjected  to  gentle  tactile  stimulation.  When 
strong  pressure  is  applied  to  the  foot,  the  contractions  become  tonic  in 
their  nature,  so  that  all  stimuli  which,  under  normal  conditionsi  pro- 
duce only  temporary  stimulation,  now  stimulate  these  centres  con- 
tinuously. If  during  the  tonic  contraction,  one  gently  strokes  the 
back  of  the  foot,  blows  on  the  face,  gently  taps  the  nose,  or  stimulates- 
the  sciatic  nerve,  suddenly  relaxation  of  the  muscles  agam  occurs. 

These  phenomena  call  to  mind  the  analogous  observatioiis  ih/ 
hypnotised  animals  (§  374).      Another  very  remarkable  observatioii 
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is  tlut,  when  either  omng  to  a  reflex  effect,  or  owing  to  ^rcn^  electrical 
stimolation  of  a  cortical  centre^  contracture  of  the  coireaponding 
moscIeB  is  produced,  then  /««iZe  stimulation  of  the  same  centre,  but  alao 
of  other  centres,  BuppmBos  the  movement.  Thus  we  have  the  re- 
markable fact  that,  according  to  the  strength  of  the  stimulus  qipUed  to 
the  motor  apparatos,  we  can  either  produce  movement  or  suppress  a 
movement  already  in  progress  (Bnbnoff  and  Heidenhais). 


376.  Tbe  Sensory  Cortical  Centres. 

The  investigationa  of  Ferrier  and  H,  Mnnk  point  to  the  conclndon 
that,  in  certun  areas  of  the  cortex  cerebri,  the  act  of  conscious  sensory 
perception  is  accomplished.  These  points  or  areas  are  connected  by 
means  of  fibres  wi^  the  nerves  of  sense;  and  may,  therefore,  be 
termed  sensory  cortical  centres,  or  "  psycho-sensorial  centres."  Tbe  total 
destmction  of  such  a  centre  abolishes  the  cooBcious  perception  excited 
throogh'the  corresponding  organ  of  sense. 


Pig.  358. 

Tba  piydbo-aiptic  utd  pqreho-acotutiii  centre,  and  the  other  ao-caUed  "auuoiy 
centree"  of  the  dog's  bnun  (H.  Mnnk)— QefUhl  =  feeling;  Naoken  =  neck; 
Kopt  =  head,  Auge  =  eye,  Ohr  =  ear;  Sehen  ^  Bight;  Hfiren  =  hearing; 
Bomph  E  trunk;  Yard,  and  HinL  Ext.  =  fore  and  hind  limbs. 

Wben  these  centres  are  partiaUt/  disoiganiaed,  the  mechanism  of  the 
sensory  activity  may  remain  intact,  but  "the  consciooa  link  is 
wanting."  A  dog  with  its  centres  thus  destroyed  sees,  hears,  or 
naells,  bnt  it  no  longer  knows  what  it  sees,  hears,  or  smells.      These 
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icentiea  are  in  a  certain  sense  the  seat  of  experience  tbat  has  been 
acquired  throng  the  organa  of  sense.  Siimulaiion  of  these  centres 
may  give  rise  to  movementa,  such  as  occur  when  sudden,  intense 
sensory  impressions  are  produced.  These  movements,  therefore,  are  to 
be  regarded  as  reflex;  partly  as  extensive  co-ordinated  reflex  move- 
ments, and  are  in  no  way  to  be  confounded  with  the  movements  which 
result  from  direct  stimulation  of  the  motor  cortical  centres.  To  this 
belongs  dilatation  of  the  pupil  and  the  fissure  of  the  eyelids,  as  well  as 
lateral  movements  of  the  eyeball  (Unverricht). 

1.  The  psycho-optic  centre,  or  the  "  visual  centre,"  according  to 
Munk,  embraces  the  outer  convex  part  of  the  ocdpital  lobe  of  tie 
dog's  brain  (Fig.  358)  marked  with  the  word 
"sehen,"  [This  centre  and  its  connections 
are  repres^ted  in  Fig.  359,  It  is,  therefore, 
in  the  area  supplied  by  the  posterior  cere- 
bral artery.]  If  this  region  be  completely 
destroyed,  the  dog  remuns  permanently  blind 
(^"coriiaU  or  ai)3olvie  blindness")  in  Uie  eye 
of  the  opposite  side.  If,  however,  only  the 
central  circular  area  be  destroyed,  there  is 
loss  of  the  conscious  visual  sensation  of  the 
opposite  side,  which  may  be  called  "psy- 
(Aicoi  blindness "  (Munk),  or  anmestia  optica.  | 
It  is  remarkable  that,  after  unilateral  de- 
struction of  this  part,  compensation  takes 
place ;  it  is  as  if  other  neighbouring  cortical 
areas  of  the  visual  sphere  assume  the  func- 
tion of  the  injured  part.  It  seems  that 
animals  must  again  learn  to  see  with  the 
affected  eye,  just  as  is  the  case  in  early 
youth  (Munk). 

Hanthner  denies  the  exiatence  of  cortiotJ  blindness,  and  believei  Hat  Etfter 
destruction  of  the  middle  of  the  visoftl  centre,  the  reason  why  the  dog  does  not 
rocogniie  the  object  with  the  oppodte  ^e  is  beoaiue,  owing  to  then  being  only 
indirect  vision,  there  ii  no  distinot  impression  on  the  retina.  The  position  of  tlu 
Tianal  centra  has  been  vorionsly  stated  by  different  obaervera.  According  to 
Ferrier,  in  the  dog,  it  lies  in  the  occipital  part  of  the  III  primary  oonvolnUon, 
near  the  spot  marked  «,  e,  e,  in  Fig.  357;  acoording  to  hta  newer  resBBCohea,  ta 
the  ocdjdtal  lobe  and  gyros  angulorii. 

Connection  vith  the  Betina.— Munk  discovered  (in  dogs)  that  both 
retinie  are  connected  with  each  psycho-optic  cortical  centre,  and  in  such 
a  manner  that  the  greatest  part  of  each  retina  is  connected  with  the 
cppotiie  cortical  centre,  and  only  by  its  most  external  latersl  mai;ginBl 
part  with  the  centre  of  the  tame  side.     If  we  imagine  the  surface  of  ont 
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retbia  to  be  projected  upon  the  centres,  then  the  most  external  margin 
of  the  first  is  connected  with  the  centre  of  the  same  side,  the  inner 
margin  of  the  retina  with  the  inner  area  of  the  apposite  centre,  the  upper 
margin  with  the  anterior  area,  and  the  lower  marginal  part  of  tbe 
retina  with  the  posterior  area  of  the  opposite  side.  The  (shaded) 
middle  of  the  centre  corresponds  to  the  position  of  direct  vision  of  the 
retina  of  the  opposite  side  (Fig.  358) — compare  §  344. 

Stimulation  of  the  visual  centre  in  dogs  causes  movements  of  the 
eyes  towards  the  other  side,  sometimes  with  similar  movements  of  the 
head,  and  narrowing  of  the  pupils.  If  one  eye  be  excised  from  new- 
bom  dogs,  the  opposite  psycho-optic  centre,  after  several  months,  is  less 
developed  (Munk). 

After  extirpation  of  the  visual  centre  in  young  dogs,  the  chan^- 
nels  which  connect  it  with  the  optic  nerve  undergo  degeneration 
(v.  Monakow). 

Bilateral  destruction  of  the  whole  centre  gives  rise  to  total  blindness 
on  both  sides,  while  destruction  of  the  central  (shaded)  part  alone 
causes  psychical  blindness  on  both  sides  in  the  dog. 

In  mozikeys  the  cenfcre  lies  at  the  tip  of  the  occipital  lobe.  Unilateral  destrnc- 
tion  cansea  blindness  of  the  halves  of  both  retinie  lying  on  the  side  of  the  ia  jury. 
The  visual  centre  in  pigeons  (Fig.  357,  IV,  where  1  is  placed)  lies  somewhat 
behind  and  internal  to  the  highest  cnrvatnre  of  the  hemispheres  (M'Kendrick, 
Ferrier,  Mnsehold).    The  visual  centre  in  the  frog  lies  in  the  optic  lobe  (Blaachko). 

[Ferrier  and  Yeo  find  that  destruction  of  both  angular  gyri  and 
occipital  lobes  causes  total  and  permanent  blindness  in  both  eyes  in 
monkeys^  without  any  impairment  of  the  other  senses  or  motor  power.] 

2.  The  pjiycho-acouBtic  centre  or  "  auditory  area "  lies,  in  the  dog> 
according  to  Ferrier,  in  the  region  of  the  second  primary  convolution 
at/,/,/ (Fig.  357, 11),  while  Munk  locates  it  in  the  temporo-sphenoidal 
lobes  (Fig.  358)  indicated  by  the  word  "  horen."  Destruction  of  the 
entire  region  causes  deafness  of  the  opposiie  ear,  while  destruction  of  the 
middle  shaded  part  alone  causes  "psychical  deafness "  {SeelentaubheU — 
Munk)  or  amnestia  acustica.  Stimulation  of  the  centre  is  followed  by  a 
reaction  which  closely  resembles  that  produced  by  a  sudden  fright^  or 
that  produced  by  a  sudden  unexpected  noise.  The  ear-muscles  are 
moved  in  different  directions,  [the  animal  pricks  its  ears]  (Ferrier). 
After  umlateral  injury  of  the  middle  part  of  the  centre,  the  disturbance 
thereby  produced  is  equilibriated,  after  several  weeks,  just  as  in  the 
Oase  of  the  psycho-optic  centre,  so  that  the  animal  must  again  kam  to 
iraar  (Munk).  Destruction  of  the  middle  part  on  both  sides  gives  rise 
to  psychical  deafiiess  on  both  sides.  Such  dogs  no  longer  prick  their 
ears  to  auditory  impressions,  and  they  cease  to  bark.  The  anterior 
parti  of  the  auditoiy  spheres  appear  to  be  connected  with  the  percep^ 
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lion  of  higher,  and  the  posterior  parts  with  the  perception  of  lower 
tones  (Munk).  After  unilateral  extirpation  of  one  ear  in  newly-born 
pnppies,  Munk  observed  that  the  opposite  centre  was  less  developed. 
Destruction  of  the  whole  region  on  both  sides  causes  permanent  deaf* 
ness.  Ferrier  determined  the  existence  of  the  centre  in  the  monkey, 
rabbit,  jackal,  and  cat. 

[Ferrier  locates  the  centre  for  hearing  in  the  monkey  in  the  sujperior 
temporo-sphenoidal  convolution^  and  he  finds  that  when  the  centres  on 
both  sides  are  extirpated  the  animal  is  absolutely  deaf;  it  takes  no 
cognisance  of  a  pistol  fired  in  its  neighbourhood.] 

3.  The  olfactory  centre  is  placed  in  the  dog  in  the  gyrus  hippocampi 
by  Munk,  while  Ferrier  locates  the  centres  for  smell  (psycho-osmic) 
and  taste  (psycho-geusic)  in  the  gyrus  uncinatus,  [smell  in  the  subiculum 
comu  ammonis]  and  its  neighbourhood  (Fig.  357,  II,  g). 

On  stimulating  these  parts  in  monkeys,  dogs,  cats,  and  rabbits,  he  observed 
distortion  of  the  lips  and  partial  closure  of  the  nostrils  on  the  same  side  (§  365). 
In  man  subjective  olfactory  and  gustatory  perceptions  are  regarded  as  irritative 
phenomena,  while  loss  of  these  sensory  activities,  often  complicated  with  other 
cerebral  phenomena,  are  regarded  as  symptoms  of  their  paralysis. 

[4.  Ferrier  places  the  centre  for  tactile  sensation  in  the  hippocampat 
region,  close  to  the  distribution  of  part  of  the  posterior  cerebral  artery. 
The  centre  for  the  sensation  of  pain  has  not  been  defined,  probably  it 
is  very  diffusa] 

5.  Munk  is  of  opinion  that  the  surface  of  the  cerebrum  in  the  region 
of  the  motor  centres  acts  at  the  same  time  as  ''sensory  areas"  {"FiM- 
gphare  "),  t.^.,  they  serve  as  centres  for  the  tactile  and  muscular  sensations- 
and  those  of  the  innervation  of  the  opposite  side.  The  distribution  of 
these  areas  for  the  individual  parts  of  the  body  is  indicated  in  Fig.  358. 
After  injury  to  these  regions  the  corresponding  functions  are  affected. 

According  to  Bechterew,  the  centres  for  the  perception  of  tactile  impressions^ 
those  of  innervation,  of  the  muscular  sense,  and  painful  impressions  are  placed  in 
the  neighbourhood  of  the  motor  areas  (dog);  the  first  immediately  behind  and 
external  to  the  motor  areas,  the  others  in  the  region  close  to  the  origin  of  the 
Sylvian  fissure. 

Goltz,  who  first  accurately  described  the  disturbances  of  vision  following  upon 
injuries  to  the  cortex  in  dogs,  is  opposed  to  the  view  of  sensory  localisation.  He 
believes  that  each  eye  is  connected  with  both  hemispheres.  He  asserts  that  the 
disturbance  of  vision,  after  injury  to  the  brain,  consists  merely  in  a  diminished 
colour-  and  space-sense.  The  recovery  of  the  visual  perception  of  one  eye  after 
injury  of  one  side  of  the  cortex  cerebri,  he  explains  by  supposing  that  this  injury 
merely  causes  a  temporary  inhibition  of  the  visual  activity  in  the  opposite  ^e, 
which  disappears  at  a  later  period.  Instead  of  psychical  blindness  and  deafness^ 
he  speaks  of  a  "  oerebro-optical "  and  "  cerebro-aooustical  wealmess." 
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377,  The  Thermal  Cortical  Centres. 

A.  Eulenbuig  and  Landois  discovered  an  area  on  the  cortex  cerebri 
whose  stimnlation  produced  an  undoabted  effect  upon  the  temperature 
and  condition  of  the  blood-vessels  of  the  opposite  extremities.  This 
region  (Fig.  357, 1,  t),  generally  embraces  the  area,  in  which  at  the  same 
time  the  motor  centres  for  the  flexors  and  rotators  of  the  fore-limb  (3), 
and  for  the  muscles  of  the  hind-limb  (4)  are  placed.  The  areas  for  the 
anterior  and  posterior  limbs  are  placed  apart,  that  for  the  anterior 
limb  lies  somewhat  more  anteriorly,  close  to  the  lateral  end  of  the 
crucial  sulcus.  Destrudion  of  this  region  causes  increase  of  the  tem- 
perature of  the  opposite  extremities ;  the  temperature  may  vary  con- 
siderably (1'5*  to  2°,  and  even  to  13*'C).  This  result  has  been  con- 
firmed by  Hitzig,  Bechterew,  Wood,  and  others.  This  rise  of  the 
temperature  is  usually  present  for  a  considerable  time  after  the  injury, 
although  it  may  then  undergo  variations.  Sometimes  it  may  last 
three  months,  in  other  cases  it  gradually  reaches  the  normal  in  two  or 
three  days.  In  well-marked  cases,  there  is  a  diminution  of  the 
resistance  of  the  wall  of  the  femoral  artery  to  pressure,  and  the  pulse- 
curve  is  not  so  high  (Reinke). 

Local  electrical  stimulation  of  the  area  causes  a  slight  temporary 
cooling  of  the  opposite  extremities,  which  may  be  detected  by  the 
thermo-electric  method.  Stimulation  by  means  of  common  salt  acts  in 
the  same  way,  but  in  this  case  the  phenomena  of  destruction  of  the 
centre  soon  appear.  As  yet  it  has  not  been  proved  that  there  is  a 
similar  area  for  each  half  of  the  head.  The  cerebro-epileptic  attacks 
(§  375)  increase  the  bodily  temperature,  partly  owing  to  the  increased 
production  of  heat  by  the  muscles  (§  302),  partly  owing  to  diminished 
radiation  of  heat  through  the  cutaneous  vessels,  in  consequence  of 
stimulation  of  the  thermal  cortical  nerves.  The  experiments  led  to  no 
definite  results  when  performed  on  rabbits. 


According  to  Wood,  destruction  of  these  centres  occasions  an  increased 
duction  of  heat  that  can  be  measured  by  calorimetric  methods,  while  stimalation 
causes  the  opposite  result. 

These  experiments  explain  how  psychical  stimulation  of  the 
cerebrum  may  have  an  effect  upon  the  diameter  of  the  blood-vessels 
and  on  the  temperature,  as  evidenced  by  sudden  paleness  and 
congestion  (§  378,  III). 

Goltz*8  Tiew. — Ooltz  uses  a  different  method  to  remove  the  cortex  cerebri — ^he 
makes  an  opening  in  the  skull  of  a  dog,  and  by  means  of  a  gtream  of  water  washes 
away  the  desired  amount  of  brain  matter.  He  describes,  first  of  all,  infUbUory 
phenomena^  which  are  temporary  and  due  to  a  temporary  suppression  of  the 
activity  of  the  nervous  apparatus,  which,  however,  is  not  injured  anatomically, 
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bat  zDAy  be  «QkUined  in  the  same  way  as  the  suppression  of  reflexes  by  strong 
stiiniilition  of  sensory  nerves  (§  361,  3).  In  addition,  there  are  the  p^rmoitcnt 
phenomena,  dne  to  the  disappearanoe  of  the  activity  of  the  nervous  apparatus, 
which  is  removed  by  the  operation.  A  dog  with  a  large  mass  of  its  cerebral  cortex 
removed  may  be  compared  to  an  eating,  complex  reflex  machine.  It  behaves  like 
an  intensely  stupid  dog,  walks  slowly,  with  its  head  hanging  down;  its  cutaneous 
sensibility  is  diminished  in  all  its  qualities — ^it  is  less  sensitive  to  pressure  on  the 
skin;  it  takes  less  cognisance  of  variations  of  temperature,  and  does  not  compre* 
hend  how  to  feel;  it  can  with  difficulty  acconmiodate  itself  to  the  outer  world, 
especiaUy  with  regard  to  seeking  out  and  taking  its  food.  On  the  other  hand, 
there  is  no  paralysis  of  its  muscles.  The  dog  still  sees,  but  it  does  not  understand 
what  it  does  see;  it  looks  like  a  somnambulist,  who  avoids  obstacles  without 
obtaining  a  clear  perception  of  their  nature.  It  hears,  as  it  can  be  wakened  from 
sleep  by  a  call,  but  it  hears  like  a  person  just  wakened  from  a  deep  sleep  by  a 
voice— such  a  person  does  not  at  once  obtain  a  distinct  perception  of  the  sound. 
The  same  is  the  case  with  the  other  senses.  It  howls  from  hunger,  and  eats  until 
its  stomach  is  filled ;  it  manifests  no  symptoms  of  sexual  excitement. 

With  regard  to  the  localisation  of  the  different  centres  in  the  cerebrum,  Goltz 
obtained  the  following  results: — ^He  finds  that  a  dog,  with  both  parietal  lobes 
destroyed,  has  its  sensibility  permanently  blunted,  its  intelligence  diminished,  and 
is  vicious;  while,  when  both  occipital  lobes  are  destroyed,  there  is  severe  and 
permanent  disturbance  of  vision.  He  supposes  that  every  part  of  the  brain  is 
concerned  in  the  functions  of  willing,  feeling,  perception,  and  thinking.  Every 
section  is,  independently  of  the  others,  connected  by  conduction  witii  all  the 
voluntary  muscles,  and,  on  the  other  hand,  with  aU  the  sensory  nerves  of  the  body. 
He  regards  it  as  possible  that  the  individual  lobes  have  different  functions. 

Inhibitory  Phenomeiia. — Injury  to  the  brain  also  causes  inhibitory  phenomena, 
such  as  the  disturbances  of  motion,  the  complete  hemiplegia  which  is  fi:equently 
observed  after  large  unilateral  iig'uries  of  the  cortex  cerebri ;  these  are  regarded  by 
Goltz  as  inhibitory  phenomena  due  to  the  injury  acting  on  lower  infra-cortical 
centres  whose  action  inhibits  movement,  but  these  movements  are  recovered  as  soon 
as  the  inhibitory  action  ceases. 


378.  Physiological  Topography  of  the  Human 

Cortex  Cerebri. 

We  accept  the  arrangement  of  the  convolutions  according  to  Ecker, 
of  which  a  short  resume  is  given  in  §  375. 

L  The  motor  regions,  which  chiefly  include  the  anterior  (Fig.  360,  A) 
and  posterior  central  convolutions,  the  proecentral  lobiUe,  and  reach  back- 
wards to  the  precuneus  (Fig.  353),  contain  large  ganglionic  cells  (Betz, 
Bevan  Lewis,  and  Clarke),  which,  however,  are  found  only  after  a  child 
is  one  and  a-half  months'  old  (Korsch).  [The  central  convolutions  near 
the  longitudinal  fissure  regulate  the  movements  of  the  trunk  and  lower 
limbs,  those  in  the  middle  of  the  ascending  frontal  and  parietal  con- 
volutions the  movements  of  the  arms,  while  those  in  the  operculum  are 
connected  with  the  movements  of  the  face,  tongue,  lips,  and  hand,  so 
that  the  fundamental  movements  depend  on  the  first  and  the  accessory 
on  the  last,  viz.: — ^the  centres  in  the  operculum.] 
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Blood  Slipplf.— Thw*  oonTolndoM  ai«  mppUed  with  Wood  fiom  4^  bnuicIiM 
of  the  SjlvUn  artery,  which  is  not  unb^qneDtl;  plogged  with  an  erobolon.  VThen 
■  clot  lodges  Id  thig  artery,  the  bnmchea  to  the  b«sa]  jt>uiKl>>  "HT  remaiii  pemom^ 
^libt  the  cortic&I  bnnchea  may  be  plugged  (Dorat,  Henbner— g  381]. 


Fig   360. 

The  brain  with  the  chief  convolnboDB  (after  Ecker).  See  also  Figi.  353-356  in 
their  relation  to  the  skull  Thennmbeni  1~I4,  and  the  letters  a-ii,  indicate  cere- 
bral areas  (see  text)— 3  Sylnao  fiieare  with  ite  ahort  vertical  aaoending  rMntu 
and  ite  horizontal  postenor  long  ramns ;  C,  central  anlcna,  or  fissure  of 
BoUndo ;  A  antenor  and  B  poetenor  central  convolutions ;  Fi,  upper,  F,, 
middle,  and  Fg  lowest  frontal  convolution ;  /i,  superior,  and  /t,  inferior 
frontal  fissure  /j  imlctis  prKcentralu ;  Pj,  auperior,  Pj,  inferior  parietal 
lobe,  with  Pj  gyrus  supra  marginalig  Pj',  gyrus  angularis  ;  ip,  aniens  inter> 
parietalis;  cm  end  of  calloeo  marguud  fissure;  Oi,  Of,  Og,  ocdpital  con- 
volutions ;  po  parieto  occipital  bssnre ;  T| ,  Tj,  Tg,  temporo-sphenoidal 
convolutions  K]  Kj  Eg  points  m  the  coronal  BOtnre;  4i,  4t,  in  the 
lambdoidal  lutnre. 

[Fig.  360  show*  the  poaition  of  the  motor  centres  or  areas  of  the  cerebral  ocm- 
Tolutions,  according  to  Ferrier — (1)  On  the  superior  parietal  lobule  (advance  of  the 
oppoatte  hind  limb,  aa  in  walking).  (2),  (3),  (4)  Arotind  the  upper  extrenuty  of 
the  fissure  of  RoUndo  [complex  morementi  of  the  opponte  leg  and  aim,  and  ef 
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the  trunk,  as  in  swiminiDg).  (a),  {h),  (e),  (d),  On  the  ascending  parietal  or  posterior 
central  convolution  (individual  and  combined  movements  of  the  fingers  and  wrist 
of  the  opposite  hand  or  prehensile  movements).  (5)  Posterior  end  of  the  superior 
frontal  convolution  (extension  forward  of  the  opposite  arm  and  hand).  (6)  Upper 
part  of  the  ascending  frontal  or  anterior  central  convolution  (supination  and  flexion 
oi  the  opposite  fore-arm).  (7)  Middle  of  the  same  convolution  (retraction  and 
elevation  of  the  opposite  angle  of  the  mouth.  (8)  At  the  lower  end  of  the  same 
convolution  (elevation  of  the  ala  nasi  and  upper  lip^  and  depression  of  the  lower 
lip  on  the  opposite  side).  (9),  (10),  Broca's  convolution  (opening  of  the  mouth 
with  protrusion  and  retraction  of  the  tongue— aphasic  region).  (11)  Between  10 
and  the  lower  end  of  the  ascending  parietal  convolution  (retraction  of  the  opposite 
angle  of  the  mouth,  the  head  turns  towards  one  side).  (12)  Posterior  part  of  the 
superior  and  middle  frontal  convolutions  (the  eyes  open  widely,  the  pupils  dilate, 
and  the  head  and  eyes  turn  towards  the  opposite  side).  (13),  (13')  Supra-marginal 
and  angular  gyms  (the  eyes  move  towards  the  opposite  side,  and  upwards  or 
downwards  —  centre  of  vision).  (14)  Superior  temporo-sphenoidal  convolution 
(pricking  of  the  opposite  ear,  pupils  dilate,  and  the  head  and  eyes  turn  to  the 
opposite  side— centre  of  hearing).] 

Degeneration  of  this  entire  motor  area  causes  what  Charcot  has  called 
IdmvpUgie  cerUrale  vtUgaire,  ie,,  paralysis  of  the  opposite  half  of  the  body, 
which  is  at  first  complete,  bnt  afterwards  gradually  passes  into  a  condition 
in  which  all  those  movements  under  voluntary  control,  and  especially 
those  that  have  been  learned,  are  abolished,  whilst  the  associated  and 
bilateral  movements,  which  even  animals  can  execute  immediately  after 
birthy  remain  more  or  less  unaJQTected.  Hence,  the  hand  is  more  paralysed 
than  the  arm ;  this,  again,  than  the  leg ;  the  lower  facial  branches  more 
than  the  upper ;  the  nerves  of  the  trunk  scarcely  at  all  (Ferrier).  The 
motor  channels  proceed  from  the  motor  cortical  areas  through  the 
anterior  two-thirds  of  the  internal  capsule,  between  the  caudate  nucleus 
and  lenticular  nucleus  of  the  corpus  striatum  (Fig.  365). 

In  hemiplegic  i)erson8,  the  power  of  the  unparalysed  side  is  sometimes  diminished 
(Brown-S^uard,  Charcot,  Pitres),  which  is  not  sufficiently  explained  hy  the  fact 
that  some  bundles  of  the  pyramidal  tracts  remain  on  the  same  side. 

Some  movements  performed  by  man  are  learned  only  after  much  practice,  and 
Are  only  completely  brought  under  the  influence  of  the  will  after  a  time,  such  as 
the  movements  of  the  hand  in  leaminfl;  a  trade.  Such  movements  are  reacquired 
only  very  slowly,  or  not  at  all,  after  injury  to  the  psycho-motor  centres.  Those 
movements,  however,  which  the  body  performs  without  previous  training,  such  as 
the  associated  movements  of  the  eyebaUs,  the  face,  and  some  of  those  of  the  legs,  are 
rapidly  recovered  after  such  an  injury,  or  they  suffer  but  little,  if  at  alL  Thus,  the 
facial  muscles  seem  never  to  be  so  completely  paralysed  after  a  lesion  of  the  facial 
cortical  centre  as  in  affections  of  the  trunk  of  the  facial  nerve,  the  eye  especially 
can  be  closed.    Sucking  movements  have  been  observed  in  hemicephalous  foetuses. 

Degeneration  of  the  Pyramidal  Tracts. — After  destruction  of  the 
cortical  motor  areas,  descending  degeneration  of  the  cortico-motor  paths 
takes  place  (§  365).  These  fibres  are  spoken  of  as  the  "pyramidal 
tracts"  (§  365).      Degenerative  changes  have  been  found  to  occur 
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within  the  vhite  matter  under  the  cortex,  in  the  anterior  two-thirds  of 
the  internal  capsule,  in  the  peduncle  of  the  cerebrum,  [in  the  middle 
third  of  the  crusta,  Fig.  361],  pone,  in  the  pTramids  of  the  mednlla 
oblongata,  and  from  thence  they  have  been  traced  into  the  pyramidal 
paths  of  the  spinal  cord  (Charcot,  Singer,  M.  E{»enthal).  It  13 
evident  that  lesious  of  these  tracts  at  any  part  of  their  course  most 
have  the  same  result,  viz.,  to  prodace  hemiplegia.  When  the  d^ner- 
ative  changes  are  taking  place, 
the  paralysed  mnscles  have 
a  certain  degree  of  spastic 
rigidity  [contractnre],  and 
there  is  an  increase  of  the 
tendon  reflexes.  These  are 
to  be  regarded  as  irritative 
degenerative  phenomena 
(Charcot,  Lion).  In  a  case 
of  congenital  absence  of  the 
left  fore-arm,  Edinger  foond 
that  the  right  central  con- 
volutions were  less  developed. 
Ataxic  motor  cODditioiu  limilar 
to  tboM  that  occur  in  wiimala 
(p.  919)  take  place  in  man,  and 
are  known  as  ixr^td  ataxia. 

Position  of  the  Centres. — 

In  order  to  localise  the  in- 

K    TBI  P  ^  f^         dividual  motor  partial  centres, 

,  '        ,       ,  experiments  have  been  made 
n  of  the  pednncular  regioii  m  /n      ■     \   v 

a  ca«  of  BccondBry  degeneration  of  the  i^POi  monkeys  (Femer),  bat 

pynunidal  tracts,   where  the    lesion  waa  above    all,   well    investigated 

limited  to  the  middle  third  of  the  poiterior  clinical  cases  are  most  useful, 

segment  of  the  intenal  capanle,  L;  T,  tez-  m.  ^  •!.    ]       i. 

mLtum;   F.  cruata  on  X  healthy  ridf;  ^^^"^     '7«     "«*^^     ^"^^ 

L,  locns  niger;  P  internal  faBcicnlne  of  the  yielded  fairly  corresponding 

cnuta  OD  the  diBeiied  ride.    These  fibres  results. 

^^«';'^T.r°°^?'^^*°'^^°7''!°      The  position  of  the  cere- 

the  fibres  of  the  anterior  segment  and  the  ■      .  . 

hnee  of  the  internal  capenle  are  diseased.   ""^    "^^    «    Stated    abov& 

D,  secondary  degeneration  in   the  middle    1.  The  centre  for  the  move- 

thirdof  the  cmata;  C,  Q,  corpora  qnadri-   ments  of  the  Ug  lie  in   the 

gemiDa  with  a  section  of  the  iter  below  it        ■   .i        l      j      c  .l 

(Chaicot),  neighbourhood  of  the  upper 

end  of  the  fissure  of  Rolando. 

(C,  Fig.  360,  2,  3,  4,  1,  d,  c),  and  in  the  pnecemtral  lobule  (Fig.  362). 

2.  The  centre  for  the  v^per  limb  lies  in  the  middle  third  of  the  anteriw 

central  (ascending  frontal)  convolution,  or  a  little  lower  (Fig.  360, 6,  7). 
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The  centre  for  the  foM  lies  at  the  lower  end  (8,  9),  of  the  ascending 
firontaL  The  part  of  the  ascending  frontal  convolution  is  in  relation 
with  the  motor  cranial  nerves,  especially  with  the  facial  and  hypo- 
glossal (Ezner,  Flechsig)«  The  course  to  the  facial  and  hypoglossal 
is  through  the  knee  of  the  inner  capsul& 

Monoplegia. — ^The  motor  centres  may  be  paralysed  singly  or  in 
groups,  so  that  we  have  corHcal  oculomotor  monoplegia,  crural  (rare)^ 
brachial — brachuhcrural  (especially  after  injury  to  the  upper — ^median 
^part  of  the  central  convolutions — linguo-facial — ^and  lastly,  facuh 
brachial  (especially  after  injury  to  the  lower — lateral — ^part  of  the 
central  convolutions). 

ParalysiB  of  the  mnsdes  of  the  neck  and  throat  indicates  a  lesion  of  th» 
central  convolutions,  and  so  does  paralysis  of  the  muscles  of  the  eye.  Lesions 
of  the  cortex  always  cause  simultaneous  movements  of  the  head  and  eyeballs. 

Stimulation  of  the  Motor  Centres. — If  the  motor  centres  are  stimu* 
lated  by  pathological  processes,  such  as  hyperemia,  or  inflammation  in 
a  fif3rphilitic  diathesis,  more  rarely  by  tumours,  tubercle,  cysts,  cicatrices, 
fragments  of  bone— there  arise  spasmodic  movements  in  the  corre- 
sponding muscle-groups.  This  condition  of  local  spasms  is  caUed 
"  Jacksonian,  or  cerebral  epilepsy.^* 

Monospasm, — According  to  the  seat  of  the  spasm,  it  is  called  fadalf  brachial, 
crurcU,  monogpasm,  fto.  Of  course,  these  8X)asms  may  affect  several  groups  of 
muscles.  Bartholow  and  Sciamanna  have  stimulated  the  exposed  human  brain 
successfully  with  electricity. 

Cerebral  Epilepsy. — ^Very  powerful  stimulation  of  one  side  may  give 
rise  to  bilateral  spasms,  with  loss  of  consciousness.  In  this  case 
impulses  are  conducted  to  the  other  hemisphere  by  commissural  fibres 
(§  379). 

Movements  of  the  Eye. — Nothing  definite  is  known  regarding  the  centr^  in 
the  cortex  for  voluntary  combined  movements  of  the  eyeballs  in  man.  In  paralytic 
affections  of  the  cortex  and  of  the  paths  proceeding  from  it,  we  occasionally  find 
both  eyes  with  a  lateral  deviation.  If  the  paralytic  affection  lies  in  one  cerebral 
hemisphere,  the  conjugate  deviation  of  the  eyeballs  is  towards  the  sound  side.  If 
it  is  situated  in  the  conducting  paths,  after  these  have  decussated,  viz.,  in  the 
pons,  the  eyes  are  turned  towards  the  paralysed  side  (Provost). 

If  the  part  be  irritated  so  as  to  produce  spasms  in  the  opposite  half  of  the  body^ 
of  course  the  eyes  are  turned  in  the  opposite  direction  to  that  in  pure  paralysis 
(Landouzy  and  Grasset).  Instead  of  the  lateral  de^4ation  of  the  eyeballs,  already 
described,  occasionaUy  in  cerebral  paralysis  there  is  merely  a  weakening  of  the  lateral 
recti  muscles,  so  that  during  rest,  the  eyes  are  not  yet  turned  towards  the  sound 
side,  but  they  cannot  be  turned  strongly  towards  the  affected  side  (Leichtenstem, 
Hunnius).  The  centre  for  the  levator  palpebrse  superioris  appears  to  be  placed  in 
the  gyms  angularis  (Orasset,  Landouzy,  Chau&rd). 

n.  The  Centre  for  Speech. — ^The  investigations  of  Bouillaud,  Dax^ 
Sroca^  Kussmaul,  and  others  haye  shown  that  the  third  left  frontd  con^ 
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volfUian  of  the  cerebram  (Fig.  360,  F,  3)  is  of  essential  importaoee  for 
speech*  while  probably  also  the  insula,  or  Island  of  Reil,  which  is  seen  to 
be  deeply  placed  on  lifting  up  the  overhanging  part  of  the  brain  called  the 
operculum,  lying  between  the  two  branches  of  the  Sylvian  fissure  (S)  is 
concerned.  The  motor  centres  for  the  organs  of  speech  (lips,  tongue) 
lie  in  this  region,  and  in  this  region  also  the  psychical  processes  in  the 
iu^t  of  speech  are  completed.  In  the  great  majority  of  mankind,  the 
centre  for  speech  is  located  in  the  left  hemisphere.  The  fact  that  most 
men  are  right-handed,  also  points  to  a  finer  construction  of  the  motor 
apparatus  for  the  upper  extremity,  which  must  also  be  located  in  the 
left  hemisphere.  Men,  therefore,  with  pronounced  righl-handedmsss 
(droitiers)  are  evidently  left-brained  (gauchers  du  cerveau — ^Broca).  By 
far  the  greater  number  of  mankind  are  ^'  left-brained  speakers "  (Kuas* 
maul)  j  still  there  are  exceptions.  As  a  matter  of  fact,  cases  of  left- 
handed  persons  have  been  observed  who  lost  their  power  of  speech  alter 
a  lesion  of  the  rigJU  hemisphere  (Ogle,  Habershon).  Investigations  on 
the  brains  of  remarkable  men  have  shown  that,  in  them,  the  third 
frontal  convolution  is  more  extensive  and  more  complex  than  in  men 
of  a  lower  mental  calibre.  In  deaf-mutes  it  is  veiy  simple;  microc^hales 
and  monkeys  possess  only  a  rudimentary  third  frontal  (Rudinger). 

The  motor  tracts  for  speech  pass  along  the  upper  edge  of  the  Itlaiid  of  Reil, 
-then  into  the  substance  of  the  hemispheres  internal  to  the  posterior  edge  of  the 
lenticular  nucleus  (Wernicke);  and  from  thence  through  the  crusta  of  the  left  cere- 
"bral  peduncle  into  the  left  half  of  the  pons  and  into  the  medulla  oblongata^  whioh 
is  the  place  where  all  the  motor  nerves  (trigeminus,  facial,  hypoglossal,  vagus,  and 
the  respiratory  nerves)  concerned  in  speech  arise.  Total  destruction  of  these  paths, 
therefore,  causes  total  aphasia ;  while  partial  destructaon  causes  a  greater  or  lew 
disturbance  of  the  mechanism  of  articulation,  which  has  been  called  "  omarthria  " 
by  Leyden  and  Wernicke. 

Conditions. — Three  activities  are  required  for  speech — 1,  The  normal 
niovement  of  the  vocal  apparatus  (tongue,  lips,  mouth,  and  respiratoiy 
apparatus;  2,  a  knowledge  of  the  signs  for  objects  and  ideas  (oral, 
written,  or  imitative,  or  mimetic  signs);  3,  the  correct  union  of  both. 

Aphasia. — Injury  of  the  speech  centre  causes  either  a  loss,  or  more  or 
less  considerable  disturbance  of  the  power  of  speech.  The  loss  of  the 
power  of  speech  is  called  *^ajphasiaJ'  [Aphasia,  as  usually  understood, 
means  the  partial  or  complete  loss  of  the  power  of  articulate  speech  from 
cerebral  causes.] 

I    The  following /oniM  qf  aphasia  may  be  distinguished : — 

1.  Ataxic  asphasia  (or  the  orolingual  hemipareais  of  Ferrier),  ie.,  the  loss  of 
speech,  owing  to  inability  to  execute  the  various  movements  of  the  month  neceanry 
for  speech.  Whenever  such  a  person  attempts  to  speak,  he  merely  executes 
inco-ordinated  grimaces,  and  utters  inarticulate  sounds.  Hence,  the  patient  cannot 
repeat  what  is  said  to  him.    Nevertheleos,  the  psychical  prooeaMS  neoesncy  for 
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speech  are  completely  retained,  and  all  words  are  remembered ;  and,  hence  these 
persons  can  still  give  expression  to  their  thoughts  graphically  or  by  writing.  If, 
however,  the  finely  adjusted  movements  necessary  for  writing  are  lost,  owing  to  an 
affection  of  the  centre  for  the  hand,  then  there  arises  at  the  same  time  the  condi- 
tion of  agraphlAi  or  inability  to  execute  those  movements  necessary  for  writing. 
Such  a  person,  when  he  desires  to  express  his  ideas  in  writing,  only  succeeds  in 
making  a  few  unintelligible  scrawls  on  the  paper.  Occasionally  such  patients 
suffer  from  loss  of  the  power  of  imitation  or  aminia  (Knssmaul). 


Fig.  362. 

View  of  the  inner  surface  of  the  human  brain~(7C,  the  corpus  callosum  divided; 
F^,  first  frontal  convolution,  at  a  limiting  the  anterior  central  convolution,  A; 
By  posterior  central  convolution ;  between  A  and  B,  the  median  end  of  the 
fissure  of  Rolando ;  AB  \a  called  the  paracentral  lobule;  Of,  gyrus  fomicatus, 
limited  by  the  calloso-marginal  fissure  (cm)  towards  the  1st  frontal  convolu- 
tion and  the  central  convolutions;  the  calloso-marginal  fissure  passes  between 
B  and  P,  the  upper  temporal  lobes,  jx>,  parieto-occipital  fissure  separating  the 
occipital  lobe  (0)  from  the  parietal  lobes  (P) ;  Q,  quadrate  lobe,  or  precuneus; 
Cu,  cunens ;  oc,  calcarine  fissure ;  Lg,  lingual  lobule  (gyrus  occipito-tempo- 
ralis  medius) ;  Fsy  fusiform  lobule  (gyrus  occipito-temporalis  lateralis) ;  R, 
gyrus  hippocampi;  U^  gyrus  uncinatus;  A,  sulcus  hippocampi;  P,  frontal 
lobes. 


2.  Amnesic  Aphasia,  or  Loss  of  the  Memory  of  Words.— Should  the  patient, 
however,  hear  the  word,  its  significance  recurs  to  him.  The  movements  necessary 
for  speech  remain  intact ;  hence,  such  a  patient  can  at  once  repeat  or  write  down 
what  is  said  to  him.  Sometimes  only  certain  kinds  of  words  are  f  oi^otten,  or  it 
may  be  even  only  parts  of  certain  words,  so  that  only  part  of  these  words  is 
spoken.  Cases  of  amnesic  aphasia,  or  the  mixed  ataxic-amnesic  form  of  disturb- 
ance of  speech,  point  to  a  lesion  of  the  third  frontal  convolution,  and  of  the  Island 
of  Reil  on  the  left  side.  Another  form  of  amnesic  aphasia  consists  in  this,  that  the 
words  remain  in  one's  memory,  but  do  not  come  when  they  are  wanted — ie.,  the 
association  between  the  idea  and  the  proper  word  to  give  expression  to  it  is 
inhibited  (Kussmaul).    It  is  oonmion  for  old  people  to  forget  the  names  of  persons 
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«r  proper  nanm;  indaed,  raeh  a  phenomenon  ie  oomman  withm  ykymlofpoml 
limits;  and  it  may  nltimately  |Mute  into  the  pathdogioel  conditicBi  of 
flODlllS.    Amongst  the  distorbenoes  of  speech  of  cerebrai  origin,  KnsnMal 
the  fottowing:— 

3.  PArapihatia,  or  the  inability  to  connect  rightly  the  ideas  witii  the  proper 
'Words  to  express  these  ideas,  so  that,  instead  of  giving  expressian  to  the  proper 
ideas,  the  sense  may  be  inverted,  or  the  form  of  words  may  be  nninteUigible.  I^ 
is  as  if  the  person  were  oontinoally  making  a  **  slip  of  the  tongue.*' 

4.  AgrammatiBlIL  and  ataxaphaaia,  or  the  inability  to  form  the  worda 
grammatically,  and  to  arrange  them  synthetically  into  sentences.  Besides  these, 
there  is — 

5.  A  pathological,  slow  way  of  speaking  (bradyphasia),  or  a  pathological  and 
stuttering  way  of  reading  {tumuUua  aermonis),  both  conditions  being  due  to 
derangement  of  the  cortex  (Kussmaul).  The  disturbance  of  speech  depending 
essentially  upon  affections  of  the  peripheral  nerves,  or  of  the  muscles  of  the  oi^gana 
of  the  voice  and  speech,  are  already  referred  to  in  §  319,  §  349,  and  §  354. 

III.  The  thermal  centre  of  Eulenburg  and  Landois  for  the  ex~ 
tremities,  is  associated  with  the  motor  areas.  Injury  or  degeneration 
of  these  areas  causes  inequality  of  the  temperature  on  both  sides  (Bech- 
terew).  In  long  standing  paralysis,  the  initially  high  temperature  of 
the  affected  limb  may  fall  lower  than  that  of  the  sound  limb  (compare 
p.  924). 

In  cases  of  insanity,  with  general  progressive  paralysis,  due  to  inflammation  of 
the  cortex  cerebri,  the  temperature  of  the  axilla  on  the  same  side  is  usually  higher 
on  the  side  which  is  the  seat  of  the  paralysis. 

In  cases  of  convtUeioiu,  due  to  inflanmiatory  irritation  of  the  cortex  cerebri, 
during  the  attack,  the  temperature  on  the  same  side  as  the  centre  b  several  tenths 
of  a  degree  higher  than  on  the  other  side  (Reinhard). 

lY.  The  sensory  regions  are  those  areas  in  which  conscious  per- 
-ceptions  of  the  sensory  impressions  are  accomplished.  Perhaps  they 
are  the  substratum  of  sensory  perceptions,  and  of  the  memory  of 
sensory  impressions. 

1.  The  psjcho-optie  centre,  according  to  Munk,  Meynert,  and 
Huguenin,  includes  the  occipital  lobes  (Pig.  360,  0*  0*  0*),  while,  ac- 
cording to  Ezner,  the  first  and  second  occipital  convolutions  are  its 
chief  seats.  Huguenin  observed  in  a  case  of  long  standing  blindness^ 
consecutive  disappearance  of  the  occipital  convolutions  on  both  sides 
of  the  parieto-occipital  fissure,  while  Giovanardi,  in  a  case  of  congenital 
absence  of  the  eyes,  observed  atrophy  of  the  occipital  lobes,  which  were 
s^arated  by  a  deep  furrow  from  the  rest  of  the  brain.  Stimulation  of 
the  centre  gives  rise  to  the  phenomena  of  light  and  colour.  Injury 
causes  disturbance  of  vision,  especially  hemiopia  of  the  same  side 
(§  344 — ^Westphal,  Jastrowitz,  Curschmann,  Jany).  When  one  centre 
is  the  seat  of  irritation,  there  is  photopsia  of  the  same  halves  of  both 
eyes  (Charcot,  Prinaud).  Stimulation  of  both  centres  causes  the 
occurrence  of  the  phenomena  of  light  or  colour  or  visual  hallucinations 
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ia  the  entire  field  of  vision.  Gases  of  injuiy  to  the  brain,  where  the 
sensations  of  light  and  space  are  quite  intact,  and  where  the  colour 
sense  alone  is  abolished,  seem  to  indicate  that  the  colour  sense  centre 
must  be  specially  localised  in  the  visual  centre  (Samelsohn,  Steffiem). 
After  injury  of  certain  parts,  especially  of  the  lower  parietal  lobe,. 
'' psychical  blindness  "  may  occur.  A  special  form  of  this  condition  is 
faiown  as.  '^  word-blindness "  or  alexia  (Coecitas  verbalis),  which  con- 
sists in  this,  that  the  patient  is  no  longer  able  to  recognise  ordinary 
written  or  printed  characters. 

Charcot  records  an  interesting  case  of  psychical  blindness.  After  a  violent 
paroxysm  of  rage,  an  intelligent  man  suddenly  lost  the  memory  of  visual  im- 
pressions ;  all  objects  (persons,  streets,  houses)  which  were  weU  known  to  him 
appeared  to  be  quite  strange,  so  that  he  did  not  even  recognise  himself  in  a  mirror* 
Visual  perceptions  were  entirely  absent  from  his  dreams. 

Clinical  observations  on  hemlopia  (§  344)  show  that  the  field  of  vision  of  each 
eye  is  divided  into  a  larger  outer  and  a  smaller  inner  portion,  separated  from  each 
other  by  a  vertical  line  passing  through  the  macula  lutea.  Each  right  or  left  half 
of  both  visual  fields  are  related  to  <me  hemisphere;  both  left  halves  are  projected 
upon  the  left  occipital  lobes,  and  both  right  upon  the  right  occipital  lobes.  Thus, 
in  binocular  vision  every  picture  (when  not  too  small)  must  be  seen  in  two  halves ; 
the  left  half  by  the  left,  the  right  half  by  the  right  hemisphere  (Wernicke). 

Asa  result  of  pathological  stimulation  of  the  visual  centre,  especially  in  the  in- 
sane, visual  spectres  may  be  produced.  Pick  observed  a  case  where  the  hallucina- 
tions were  confined  to  the  right  eye. 

2.  The  psycho-acoustiG  centre  lies  on  both  sides  (crossed)  in  the 
temporo-fiphenoidal  lobes ;  when  it  is  completely  removed  deafness  re- 
sults, while  partial  (left  side)  injury  causes  psychical  deafness. 
Amongst  the  phenomena  caused  by  partial  injury  is  surdOas  verhalis, 
(word-deafness)  which  may  occur  alone,  or  in  conjunction  with  coecitas 
yerbaUs.  Wernicke  found  in  all  cases  of  word-deafness,  softening  of  the 
first  left  temporoHsphenoidal  convolution.  In  left-handed  persons,  the 
centre  lies,  perhaps,  in  the  right  temporo-sphenoidal  lobes  (Westphal). 

QinicaL — VVe  may  refer  the  coecitas  and  surdiias  verbcUis  (Eussmaul)  to  the 
aphataxic  group  of  diseases,  in  so  far  as  they  resemble  the  amnesic  form.  A 
peraon  word-blind  or  word-deaf  resembles  one  who  in  early  youth  has  learned  a 
foreign  tongue,  which  he  has  completely  forgotten  at  a  later  period.  He  hears,  or 
reads  the  words  and  written  characters;  he  can  even  repeat  or  write  the  words,  but 
he  has  completely  lost  the  significance  of  the  signs.  While  an  amnesic  aphasic 
person  has  only  lost  the  key  to  open  his  vocal  treasure,  in  a  person  who  is  word- 
blind  or  word^eaf  even  this  is  gone.  From  a  case  of  recovery  it  is  known  that  U> 
the  patient  the  word  sounds  like  a  confused  noise.  Huguenin  found  atrophy  of 
the  temporo-sphenoidal  lobes  after  long-continued  deafness. 

3.  Gufltatory  and  Olfactory  Centre. — ^In  the  uncinate  gyrus  (on  the 
inner  side  of  the  temporo-sphenoidal  lobe,  especially  on  the  inner  side  of 
that  marked  U  in  Fig.  362),  Ferrier  locates  the  joint  centre  for  smdi 
and  taste.  These  two  centres  do  not  seem  to  be  distinct  locaDy  fronk 
each  other. 
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4.  Tactile  Areas. — ^According  to  Tripier,  Exner,  Petrina,  and  othen, 
all  the  tactile  cerebral  fields  from  different  parts  of  the  body  coincide 
with  the  motor  cortical  centres  for  these  parts. 

Occasionally,  in  epileptics,  strong  stimulation  of  the  sensory  centres, 
as  expressed  in  the  excessive  subjective  sensations,  accompanies  the 
spasmodic  attacks  (compare  §  393,  12). 

Such  epileptiform  hallnninations,   however,   occur  without  spasms,  and  are 
accompanied  only  by  disturbances  of  conscionsness  of  very  short  duration  (Berger). 

Coarse  of  the  Pitycho-SenBory  Paths. — The  nerve-fibres,  which  conduct 
impulses  from  the  sensory  organs  to  the  psycho-sensorial  cortical  centres, 

pass  through  the 
posterior  part  of  the 
internal  capsule  be- 
tween the  optic 
thalamus  and  the 
lenticular  nucleus 
(Fig.  366).  Hence, 
section  of  this  part 
of  the  internal  cap- 
sule causes  hemi- 
anaesthesia  of  the 
opposite  half  of  the 
body  (Charcot, 
"Veyssi^re,  Carville, 
Duret,  Baymondy 
M.  Bosenthal).  In 
such  a  case,  sensory 
functions  are  abol- 
ished— only  the  vis- 
cera retaining  their 
P>«'  363.  sensibility.     There 

Kelation  of  the  fissures  and  convolutions  to  the  surface  niay  also  be  loss  of 
of  the  scalp —  +  most  prominent  part  of  the  parietal  hearing  (Yeller, 
eminence ;    a,   convex   line  bounding   parietal   lobe   •nnnlrin)   smell  and 

'hAln-iv*     h.    nnnvAY    linn    lM%nn<lincr    4;Ha    i^mrw^ro-imTiA-  ' 

taste,  and  hemiopia 
(Bechterew). 


below;   h,  convex  line  bounding  the  temporo-sphe- 
noidal  lobe  behind  (R.  W.  Reid). 


In  cases  where  there  is  more  or  less  iigury  or  degeneration  of  these  paths,  there  is 
a  corresponding  greater  or  less  pronounced  loss  of  the  pressure  and  temperature 
flense,  of  the  cutaneous  and  muscular  sensibility,  of  taste,  smell,  and  hearing.  The 
eye  is  rarely  quite  blind,  but  the  sharpness  of  vision  is  interfered  with,  the  field  of 
vision  is  narrowed,  while  the  colour  sense  may  be  partially  or  completely  lost* 
The  eye  on  the  same  side  may  suffer  to  a  slight  extent. 
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V.  Numerous  cases  of  injury  of  the  anterior  frontal  region,  without 
interference  with  motor  or  sensory  functions,  have  been  collected  by 
Charcot,  Pitres,  Ferrier,  and  others.  On  the  other  hand,  enfeebleme^t 
of  the  intelligence  and  idiocy  are  often  observed  in  acquired  or  con« 
genital  defects  of  the  prefrontal  region.  In  highly  intellectual  men, 
Biidinger  found  in  addition  a  considerable  development  of  the  temporo- 
sphenoidal  lobe.  According  to  Flechsig,  there  is  no  doubt  that  the 
frontal  lobes  and  the  temporo-occipital  zone  are  related  to  intellectual 
processes,  more  especially  the  "  higher  "  of  these. 

Topography  of  the  Brain.— The  relations  of  the  chief  fissures  and  convoln- 
tions  of  the  brain  to  the  sur&ce  of  the  skull  are  given  in  Fig.  360,  the  brain  being 
represented  after  Ecker.  [Turner  and  others  have  given  minute  directions  for 
finding  the  position  of  the  different  convolutions  by  reference  to  the  sutures  and 
other  prominent  parts  of  the  skulL  The  foregoing  diagram  (Fig.  363)  by  R.  W. 
Keid,  shows  the  relation  of  the  convolutions  to  certain  fixed  lines,] 


379.  The  Basal  Ganglia— The  Mid  Brain. 

The  corpus  striatum  and  lenticular  nucleus  (Fig.  365)  in  their 
deyelopment  are  co-ordinate  with  the  development  of  the  cortex  cerebri. 
Electrical  stimulation  of  these  ganglia  causes  general  muscular  con- 
tractions in  the  opposite  half  of  the  body.  The  same  result  is  obtained, 
as  if  all  the  motor  cortical  centres  were  stimulated  simultaneously. 

Gliky  did  not  observe  movements  on  stimulating  the  corpus  striatum  in  rabbits ; 
it  would  seem  that  in  these  animals  the  motor  paths  do  not  traverse  these  ganglia^ 
but  merely  pass  alongside  of  them. 

Destruction  of  the  lenticular  nucleus,  or  of  the  corpus  striatum, 
always  causes  loss  of  voluntary  movements  on  the  opposite  half  of  the 
body  (Meynert),  with  or  without  retention  of  sensibility.  Destruction 
of  the  white  fibres,  between  the  corpus  striatum  and  the  motor  cortical 
centres,  has  the  same  result  as  destruction  of  these  centres  themselves 
(Carville  and  Duret).  The  corpus  striatum  is  quite  insensible  to  pain- 
ful stimulation  (Longet). 

PathologicaL — ^In  man,  a  lesion,  not  too  small,  destroying  the  anterior  part  of 
the  oorpus  striatum,  is  followed  by  permanent  paralysis  of  the  opposite  side,  pro- 
vided the  internal  capsule  is  injured,  but  the  paralysis  gradually  disappears  if  the 
lenticular  and  caudate  nucleus  only  are  affected  (compare  §  365).  Sometimes  there 
is  dilatation  of  the  blood-vessels  in  consequence  of  vaso-motor  paralysis  (§  377)i  if 
the  posterior  part  is  injured  (Nothnagel) ;  redness  and  a  slightly  increased  tempera- 
ture of  the  paralysed  extremities,  at  least  for  a  certain  time ;  swelling  or  oedema 
of  the  extremities;  sweating;  anomalies  of  the  pulse,  detectable  by  the  sphyg- 
mograph;  decubitus  acutus  on  the  paralysed  side;  abnormalities  of  the  nails,  hair, 
skin;  acute  inflammations  of  joints,  especially  of  the  shoulder.  Later,  contracture 
or  pormanent  oontraction  of  the  paralysed  muscles  takes  plaoe  (Hnguenin,  Ofaar« 
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«ot).  In  aome  ouw,  there  ia  ontaoeoua  Mueatheaut,  and  ocaftricnaUy,  enIbebUoieot 
of  tk«  MaBe-or);ui«  of  the  paralyaed  nde;  and  botJi  when  the  pocteiioi  Mctian  of 
tbe  intenul  cxpenle  U  affected.  TJsuftUy,  however,  hemipUgia  uid  Ai  ' 
«CM»r  together. 


Fig-  304. 

Oiuectiou  of  the  brain  from  above,  ahowing  the  Uterol,  third,  and  fbarth  vetitriolaa, 
irith  the  basal  ganglia,  and  BUrrounding  part* — a,  knee  of  the  corpna 
caUoanm ;  b,  anterior  port  of  the  dght  corpus  atriatiun ;  b',  grey  matter 
dltaected  off  to  show  white  fibret;  e,  pconta  to  tfemasemioiraiilari*;  d,  optu 
thaTftrnTin ;  «,  anterior  piUora  of  fornix,  with  fifth  vQntri<de  in  front  of  them, 
between  the  two  lamime  of  the  (optum  lucidnm;/,  middle  or  soft  commiasnre; 
g,  third  ventricle;  h,  i,  corpora  qnodrigemina ;  i,  superior  cerebellar  peduncle; 
I,  hippocompni  m^'or;  m,  posterior  comu  of  lateral  ventricle;  n,  eminentia 
ooUateralia;  o,  fourth  ventricle;  p,  medulla  oblongata;  i,  cer^Mllam,  withr, 
arbor  vitie, 

Optto  TbalamtlB. — Ferrier  did  not  observe  any  movemeDts  to  occur 
on  stinmhting  the  c^tic  thAlumi  with  electricity.  An  the  <^tic 
ttalamuA  is  one  of  the  parts  connected  with  the  origin  of  the  optic 
nerre,  ftad  is  also  connected  by  fibres  with  the  cortex  cerebri,  it  ia 
probably  related  to  the  sense  of  sight  Injury  to  the  posterior  third  in 
man  results  in  disturbance  of  vision  (Nothnagel).  Ferrier  surmises 
tlut  the  Bensot7  fibres  pass  through  the  optic  thalami  oa  their  way  to 
die  cortex;  bo  that  when  they  are  destroyed,  insenailnlity  of  the  opposite 
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half  of  th«  body  is  produced.  Removal  of  the  optic  th&lmnB,  at  deetroo- 
tion  of  the  part  in  the  neighbourhood  of  the  inspiratory  centre  in  the 
vail  of  the  third  veutricle,  influences  the  co-ordinated  movements  in  the 
rabbit  (ChriBtiani). 


Fig.  365. 

Human  brain,  with  the  hemispheres  removed  hj  a,  horizontal  ii 

ude — 4,  trochleu' ;  6,  Booottic  nerve  ;  6,  origin  of  the 

We  know  very  little  definitely  ai  to  the  functioiu  of  theee  organs.     AAar  Injury 

to  one  thalamns,  there  h>*  been  obenrsd  enfeeblemeot  or  parklysis  of  tiu  moMlw 
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«f  the  oppoidte  nde,   togetliar  with  monvamoitB  de  maaige ;    •>«•   — 
hwnlMwUiBdm  of  the  oppodte  ud«,  with  or  withoat  ^ffectioiu  of  the   motor 
■pheni^  h»Te  been  reoorded. 

Extirpatioii  of  certun  cortical  MeM  (nbbit)  U  followed  by  i,tr<ygby  of  oertun 
parti  of  the  thalMMU  (v.  Monakow). 

[Internal  CqiBoIe.— In  connection  with  the  functions  of  the  basal 
ganglia,  it  is  most  important  to  remember  their  relation  to  the  internal 
capsnle.  The  corpus  atriatnm  consists  of  an  intra-ventricular  part,  the 
caudate  muletu;  and  an  eitra-Tentricolar  part,  the  iMticular  nucletu. 
The  lenticular  nucleus  consists  of  three  parts  (Fig.  366,  1,  2,  3)  with 
white  matter  between  them,  the  striis  medullares.  The  anterior  limb  of 
the  internal  capsule  sweeps  between  the  caudate  and  lenticular  nncletis, 
while  the  posterier  segment  lies  between  the  optic  thalamus  and  the 
lenticular  nucleus  (Fig.  366).  External  to  the  lat  division  of  the 
lenticular  nucleus  is  the  ecUmal  capsule  (Figs.  365  and  366),  whose 
function  is  unknown.  External  to  this  is  the  clanstrum  (Figs.  365 
and   366),  whose    function  is   also    unknowiL     It   is  evident    that 


Fig.  366. 

Frontal  lection  throngh  the  right  cerebral  hemiaphere  in  front  t>t  the  toft 

commiaanre — Poaterior  aorface  of  the  Mctdon,  s-tQeganbaiir}. 

hiemorrhage  into  or  about  the  basal  ganglia  is  apt  to  involve  the  fibres 
of  the  internal  capsule.  The  fibres  of  the  anterior  two-thirds  conduct 
motor  impulses,  and  the  posterior  third  sensor;  impulses.] 


i 
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Fedancnli  Cerebri. — Injury  to  one  cerebral  peduncle  causes,  in  the 
first  place,  violent  pain  and  spasm  of  the  opposite  side,  while  the  blood- 
vessels on  that  side  contract  and  the  salivary  glands  secrete.  These 
phenomena  of  irritation  are  followed  by  paralytic  symptoms  of  the 
opposite  side,  viz.,  anaesthesia  (§  365)  and  paresis,  or  incomplete  volun- 
tary control  over  the  muscles,  as  well  as  paralysis  of  the  vaso-motor 
nerves.  In  affections  of  the  cerebral  peduncle  in  man,  we  must 
remember  the  relation  of  the  oculomotorius  to  it,  as  the  latter  is  often 
paralysed  on  the  same  side  (Nothnagel). 

The  middle  third  of  the  cnista  of  the  cerebral  pedxmcle  includes  the  direct 
pyramidal  tracts  (§§  365,  378).  The  fibres  of  the  inner  third  connect  the  frontal 
lobes  through  the  superior  cerebellar  peduncles  with  the  cerebellum.  In  the  outer 
third  are  fibres  which  connect  the  pons  with  the  temporal  and  occipital  cerebral 
lobes  (Flechsig).  The  fibres  which  pass  from  the  tegmentum  into  the  corona 
radiata  conduct  sensory  impulses  (Flechsig). 

Pons  Varolii — Stimulation  or  section  of  the  pons  causes  pain  and 
spasms ;  after  the  section  there  may  be  sensory,  motor,  and  vaso-motor 
paralysis,  together  with  forced  movements.  For  diagnostic  purposes  in 
man,  it  is  important  to  observe  if  alternate  hemiplegia  (p.  870)  be 
present  (Nothnagel), 

The  Corpora  Quadrigemina. — Destmction  of  these  bodies  on  one  side 
in  mammals,  or  their  homologues,  the  optic  lobes  in  birds,  amphibians, 
and  fishes,  causes  actual  blindness,  which  may  be  on  the  same  or 
the  opposite  side,  according  to  the  relation  of  the  fibres  crossing  at  the 
optic  chiasma  (§  3ii).  Total  destruction  causes  blindness  of  both  eyes. 
At  the  same  time,  the  reflex  contraction  of  the  pupil,  due  to  stimula- 
tion of  the  retina  with  light,  no  longer  takes  place  (Flourens),  where 
the  optic  is  the  afferent,  and  the  oculomotorius  the  efferent  nerve 
(§  345).  If  the  cerebral  hemispheres  alone  be  removed,  the  pupil  still 
contracts  to  light,  as  well  as  after  mechanical  stimulation  of  the  optic 
nerve  (H.  Mayo). 

According  to  Bechterew,  the  fibres  of  one  optic  tract  pass  through  the  anterior 
brachium  (Fig.  366)  into  the  anterior  pair  (nates)  of  the  corpora  quadrigemina; 
while  those  fibres  which  cross  in  the  chiasma  (Fig.  318)  pass  into  the  posterior 
pair  (testes).  According  to  this  arrangement  we  have  partial  blindness,  according 
as  one  or  other  pair  of  these  bodies  is  destroyed. 

Destruction  of  the  corpora  quadrigemina  interferes  with  the  complete 
harmony  of  the  motor  acts ;  disturbance  of  equilibrium  and  inco-ordina* 
tion  of  movements  occur  (Serres).  In  frogs,  Groltz  observed  not  only 
awkward,  clumsy  movements,  but,  at  the  same  time,  the  animals  have 
to  a  large  extent  lost  the  power  of  completely  balancing  the  body 
(p.  905).  A  similar  result  was  observed  in  pigeons  (M'Kendrick)  and 
rabbits  (Ferrier).  Extirpation  of  the  eyeball  is  followed  by  atrophy 
of  the  opposite  anterior  corpus  quadrigeminum.    . 
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StimnlatioTi  of  the  Corpora  (taadrigeiiiiiiA.— The  oorpon  quadrigeminA 

react  to  electrical,  chemical,  and  mechanical  stimnli.  The  resnlts  of  stimolatioii 
are  very  YariooBly  stated.  According  to  some  observers,  there  is  dilatation  of  the 
papU  on  the  same  side ;  accordmg  to  Ferrier,  it  may  be  the  papil  on  the  opposito 
or  on  the  same  side.  The  stimulation  may  be  conducted  from  the  oMpora  quadzi> 
gemina  to  the  medulla  oblongata,  and  to  the  origin  of  the  sympathetic,  for,  after 
section  of  the  sympathetic  nerve  in  the  neck,  dilatation. of  the  pupil  no  longer 
takes  place  (Knoll).  According  to  Knoll,  the  contraction  of  the  pupil  observed 
by  the  older  experimenters,  occurs  only  when  the  adjoining  optic  tract  is  stimn- 
lated.  Stimulation  of  the  right  anterior  corpus  quadrigenunum  causes  deviation  of 
both  eyes  to  the  left  (and  conversely) ;  on  continuing  the  stimulation,  the  head  is 
turned  to  this  aide.  On  dividing  tiie  corpora  quadrigemina  by  a  vertical  median 
incision,  stimulation  of  one  side  causes  the  result  to  take  place  only  on  one  side 
(Adamiik).  Ferrier  observed  signs  of  pain  on  stimulating  these  organs  In 
inammals.  Carville  and  Duret  conclude  from  their  experiments,  that  these  orgsns 
are  centres  for  the  extensor  movements  of  the  trunk.  Ferrier  found  on  stimulating 
one  optic  lobe  in  a  pigeon,  dilatation  of  the  opposite  pupil*  turning  of  the  head 
towards  the  other  side  and  backwards;  movement  of  the  opposite  wing  and  leg; 
etrong  stimulation  caused  flapping  movements  of  both  wings.  Danilewsky, 
Ferrier,  and  Lauder  Brunton  observed  a  rise  of  the  blood-pressure  and  slowing  of 
the  heart-beat,  together  with  deeper  inspiration  and  expiration.  According  to 
Valentin  and  Budge,  stimulation  also  causes  movement  of  the  intestines  and 
bladder,  perhaps  excited  secondarily  by  the  action  of  the  vaso-motor  nerves. 

Bechterew  ascribes  all  the  phenomena,  except  those  of  vision  itself,  which 
accompany  injury  or  stimulation  of  these  bodies,  to  affections  of  deeper  seated 
parts.  He  asserts  that  the  corpora  quadrigemina  contain  neither  the  oentre  for 
the  movements  of  the  pupils  nor  that  for  the  combined  movements  of  the  eyeballs; 
not  even  the  centre  for  maintaining  the  equilibrium  of  the  body.  Stimulation  of 
these  bodies  causes  the  animals  to  perform  marked  movements.  As  reflex 
phenomena,  nystagmus,  forced  movements  and  unsteadiness  of  the  gait  only  occur, 
however,  when  the  deeper  parts  are  injured. 

Pathological. — Lesions  of  the  anterior  pair  in  man,  according  to  the  extent  of 
the  lesion,  cause  disturbance  of  vision,  failure  of  the  pupil  to  contract  to  light,  and 
«ven  blindness ;  there  may  be  paralysis  of  the  oculomotorii  on  both  sides.  Disease 
of  the  posterior  pair  may  be  associated  with  disturbances  of  co-ordination 
(Nothnagel). 

Forced  Movements. — It  is  evident  from  what  has  been  said  re- 
garding the  importance  of  the  corpora  quadrigemina  for  the 
harmonious  execution  of  movements,  that  unilateral  injury  of  such 
parts  as  are  connected  to  them  by  conducting  channels,  must  give  rise 
to  peculiar  unilateral  disturbance  of  the  equilibrium,  causing  variations 
from  the  symmetrical  movements  of  both  sides  of  the  body.  These 
movements  are  called  forced  movements.  To  this  class  belong  the 
fnouvement  de  ma/nige,  where  the  animal,  instead  of  moving  in  a 
straight  line,  runs  round  in  a  circle;  index  movem^nky  where  the 
anterior  part  of  the  body  is  moved  round  the  posterior  part  which 
remains  in  its  place,  just  like  the  movements  of  an  index  round  its 
axis ;  and  rolling  movements,  when  the  animal  rolls  on  its  long  axisL 
All  these  forms  of  movement  may  pass  into  each  other,  and  they  aza^ 
in  fact,  merely  different  varieties  of  the  same  kind  of  movement     This 
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parts  of  the  neivous  system,  whose  injury  produces  these  movements 
are  the  corpus  striatum,  optic  thalamus,  cerebral  peduncle,  pons, 
pedanculus  cerebelli  ad  pontem,  and  certain  parts  of  the  medulla  ob- 
longata. Eulenburg  observed  index  movements  in  the  rabbit  after 
injury  to  the  surface  of  the  brain,  and  Bechterew  observed  the  same 
in  dogs.  Forced  movements,  together  with  nystagmus  and  rotation  of 
the  eyeballs,  axe  caused  by  injury  to  the  olives  (Bechterew). 

The  statements  of  observers  vary  as  to  the  direction  and  kind  of 
movement  produced  by  injuring  individual  parts.  The  following  ob- 
servations have  been  made:  Section  of  the  atUerior  part  of  the  pons  and 
of  the  crura  cerebelli  causes  index,  or  it  may  be,  rolling  movements  to- 
wards the  other  side ;  section  of  the  posterior  part  of  the  same  regions 
causes  rolling  movements  towards  the  same  side,  while  the  same  result 
is  caused  by  a  deeper  puncture  into  the  tuberculum  acusticum,  or  into 
the  restiform  body.  Section  of  one  cerebral  peduncle  causes  mouve- 
ments  de  manage,  while  the  body  is  curved  with  the  convexity  towards 
the  same  side.  The  nearer  to  the  pons  the  section  is  made,  the 
smaller  is  the  circle  described;  ultimately  index  movements  occur. 
Injury  to  one  optic  thalamus  produces  results  similar  to  puncture  of  the 
anterior  part  of  the  cerebral  peduncle,  because  the  latter  is  injured 
along  with  it  at  the  same  time.  Injury  to  the  anterior  part  of  one 
optic  thalamus  causes  the  opposite  kind  of  forced  movement,  viz.,  with 
the  concavity  of  the  body  towards  the  injured  side.  Injury  to  the 
spinal  portion  of  the  medulla  oblongata  is  followed  by  bending  of  the 
head  and  vertebral  column,  with  the  convexity  towards  the  injured 
side,  along  with  movements  in  a  circle.  When  the  anterior  end  of  the 
calamus  and  the  part  above  it  are  injured,  the  movements  are  towards 
the  sound  side. 

Strabismus  and  Nystagmus. — ^Amongst  the  forced  movements  may 
be  reckoned  deviation  of  the  eyeballs,  strabismus  or  squinting,  and 
involuntary  oscillation  of  the  eyeballs,  constituting  nystagmus.  The 
latter  condition  occurs  after  superficial  lesions  of  the  restiform  body,  as 
well  as  of  the  floor  of  the  fourth  ventricle.  A  unilateral  deep  trans- 
verse injury,  from  the  apex  of  the  calamus  upwards  as  far  as  the 
tuberculum  acusticum,  causes  the  eye  of  the  same  side  to  squint  down- 
wards and  forwards,  that  of  the  other  side  backwards  and  upwards. 
Section  of  both  sides  causes  this  condition  to  disappear  (Schwahn). 
Hence,  Eckfaard  assumes  that  the  medulla  oblongata  is  the  seat  of  an 
apparatus  controlling  the  movements  of  the  eyes  (Eckhard). 

In  pathological  degeneration  of  the  olivary  body  of  the  mednlla  oblongata 
in  man,  Meschede  obseryed  intenae  rotatory  movements  towards  the  same  aide. 

Theory. — In  order  to  explain  the  ooonrrence  of  forced  movements,  it  is  sug- 
gested that  there  is  nnilateral  incomplete  paralysis  (Lafarqae),  so  that  the  animal. 
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in  its  efforts  to  move  onwards,  leaves  the  paralytic  side  slightly  behind  the  other, 
and,  hence,  there  is  a  yariation  from  the  symmetry  of  the  movements.  Brown- 
S^nard  regards  the  matter  in  exactly  an  opposite  light,  viz.,  as  dne  to  stunnlation 
from  injury  causing  an  excessive  activity  of  one-half  of  the  body.  Henle  ascribes 
the  movements  to  vertigo^  or  a  feeling  of  giddiness  caused  by  the  injury. 

In  all  operations  on  the  central  nervous  system,  where  the  equilibrium  is  deeply 
affected,  there  is  a  considerable  increase  in  the  number  and  depth  of  the  respira- 
tions (Landois). 

Other  FoXLCtionS*— Some  observers  noticed  variations  of  the  blood-pressure  snd 
a  change  in  the  number  of  heart-beats  after  stimulation  of  the  cortex  cerebri,  e,g., 
after  electrical  stimulation  of  the  motor  areas  for  the  extremities  (Bochefontaine). 
Balogh  observed  acceleration  of  the  pulse  on  stimulating  several  points  on  the 
cortex  cerebri  of  a  dog,  and  from  one  point  slowing  of  the  pulse.  Eckhard  stimu- 
lated the  surface  of  the  brain  in  rabbits,  and,  as  a  rule,  he  observed  that  as  long 
as  single  crossed  movements  occurred  in  the  anterior  extremities,  there  was  no 
effect  upon  the  heart,  but  that  the  heart  became  affected  as  soon  as  other  move- 
ments occurred.  This  consists  in  slow,  strong  pulse-beats,  with  occasional  weaker 
beats,  while,  at  the  same  time,  the  blood-pressure  is  slightly  increased  (Boche- 
fontame).  If  the  vagi  be  divided  beforehand,  the  effect  upon  tiie  pulse  disappears, 
while  the  increase  of  the  blood-pressure  remaios.  That  psychical  processes  affect 
the  action  of  the  heart  was  known  to  Homer  and  Chrysipp.  Bochefontaine  and 
Lupine,  on  stimulating  several  points,  especially  in  the  neighbourhood  of  the  sulcus 
cruciatus  in  the  dog,  observed  increased  secretion  of  saliva  (p.  290),  slowing  of  the 
movements  of  the  stomach,  peristalsis  of  the  intestine,  contraction  of  the  spleen,  of 
the  uterus,  of  the  bladder,  and  increased  respirations.  Bufalini,  on  stimulating 
those  parts  of  the  cortex  which  cause  movements  of  the  jaw,  observed  the  secretion 
of  gastric  juice  with  increase  of  the  temperature  of  the  stomach. 

Schiff,  Brown-Sequard,  fibstein,  KloeterhaUen,  and  others,  have  observed  that 
injury  to  the  pons,  corpus  striatum,  thalamus,  cerebral  peduncle,  and  medulla 
oblongata  often  causes  hypenemia  and  haemorrhage  into  the  lung  (according  to 
Brown-S^uard,  especially  after  iigury  to  one  side  of  the  pons,  which  affects  the 
opposite  lung),  under  the  pleura,  in  the  stomach,  intestine,  and  kidnejrs.  Gastric 
hsemorrhsge  is  common  alter  injury  to  the  pons  just  where  the  cerebral  peduncles 
join  it.  Similar  phenomena  have  been  observed  in  man  after  apoplexy  or  oerebral 
hemorrhage. 

Specially  interesting  is  the  cerebral  unUaieral  decubitUB  acntUB  described  by 
Charcot,  which  always  occurs  on  the  paralysed  side  of  the  body,  i.e.,  on  the  side 
opposite  to  the  cerebral  injury.  It  begins  on  the  2nd  or  3rd  day,  rapidly  causes 
enormous  destruction  and  sloughing  of  the  tissues  on  the  back  and  lower  extremi- 
ties, and  death  soon  takes  place.  The  decubitus,  which  occurs  after  spinal 
injuries,  usually  begins  in  the  middle  line  of  the  buttocks,  and  extends  symmetri- 
cally on  both  sides.  In  cases  of  unilateral  injury  to  the  spinal  cord,  the  decubitus 
occurs  on  the  correspartding  side  of  the  sacral  region  (p.  783). 

[Corpus  Gallosnill. — It  is  usually  stated  that  the  corpus  callosum  connects 
the  convolutions  of  one  side  of  the  brain  with  those  on  the  other.  D.  J.  Hamilton, 
however,  states  that  it  is  not  an  interhemispheric  commissure,  but  is  due  to 
cortical  fibres  coming  from  the  cortex  cerebri  to  be  connected  with  the  basal 
ganglia  of  the  opposite  side.  On  this  view,  the  ''corona  radiata,"  as  usually 
understood,  consists  only  of  the  fibres  which  pass  from  the  cerebral  peduncle 
directly  up  to  the  cortex  on  the  same  side,  and  are  contained  in  the  posterior 
division  and  knee  of  the  internal  capsule.  They  correspond  to  the  motor  pyramidal 
tracts.  Hamilton  maintains  that  all  the  other  fibres  of  the  internal  capsule  pass 
into  the  crossed  caUosal  tract,  and  instead  of  running  directiy  up  to  the  cortex 
on  the  same  side,  cross  in  the  corpus  callosum  to  the  cortex  of  the  opposite  side.] 
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380-  Structure  and  Functions  of  the  Cerebellum. 

[Strnctnre. — On  ezamitiing  a  vertical  section  of  a  cerebellar  leaflet, 
we  observe  the  following  microscopic  appearances : — Ezt«nially,  is  the 
pia  matter  with  its  blood-vessels  (Fig.  367,  a)  which  penetrate  into 
the  outer  grey  layer.  The  grey  matter  consists  of,  b,  a  broad  grey 
layer    largely   composed    of  _^  ---^^-  _..      _ 

branched  fibrils,  and  internal     „  =i^:--^^Si;"fc€»^^:^^^^,:g^ 
to  it  is,  d,   the  "granular,"  *"^ 

nuclear.or  rust-coloured  layer. 
On  the  boundary  line  be- 
tween these  two  is  the  layer 
of  Purkinje's  cells,  c  The 
celts  of  Furkinje  form  a  sin- 
gle layer  of  large  multipolar 
flask-shapednerve-cells,which 
have  been  compared  to  the 
branched  antlers  of  a  stag. 
From  their  outer  surface  is 
given  off  a  process  which 
rapidly  divides,  and  gives  rise 
to  a  large  number  of  smaller 
processes  running  outwards 
in  the  outer  grey  layer.  Some 
of  these  proceaaes  form  part 
of  the  ground  plexus  of  fibrils 
in  this  layer;  while  others, 
according  to  Sankey,  termin- 
ate in  connection  with  the 
small  corpuscles  in  the  outer 
layer;  an  unbranched  axial 
cylinder  process  is  sent  in-  -*    V* '**   ■   .  **■  »      -   *Z' 

wards  to  the  granular  layers,  -  - "  ^       ,,     -^      -  ."3^^ 

where  it  becomes  continuous  '_'~      .  '''-^~ 

with  a  nerve-fibre.  The  outer  ~ 

grey  layer,  besides  containing  ^8-  367. 

the    branches    of  Purkiige's  Tertickl  •action  of  the  cerebellnm — ii,piaiiuter; 

ceUfl  with  their  matrix,  con-     t'  ^'**™'  ''^'  ''  ""T  "^  P"^"^"!"'"  wlb; 
,   .  .       1       „,  ,       <(>  inner  layer:  t,  mednllary  white  nutter, 

tarns  sustentacular  fibres  and 

granular  corpuscles,  and  some  small,  branched  cells,  probably  nerve-cells. 

The  granolar  layer  consists  of  corpuscles  embedded  in  a  matrix  which 

is  fibrillated  in  part.     Each  granule  or  nncleus  is  surrounded  by  a 
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small  quantity  of  protoplasm.     Their  exact  relations  and  connections 
are  nnknown.     Internal  to  dia  e,  the  central  white  matter.] 

Fimction. — ^Xi^aries  of  the  cerebellum  cause  disturbances  of  the  equi- 
librium of  the  body.  Most  probably,  the  cerebellum  is  a  great  and 
important  central  organ  for  the  finer  co-ordination  and  integration  of 
movements.  The  fact  that  it  is  connected  with  all  the  columns  of  the 
spinal  cord,  with  the  central  ganglia  of  the  corpora  quadrigemina  and 
cerebrum,  renders  this  very  probable.  The  direct  cerebellar  tracts  con- 
duct sensory  impressions  to  the  cerebellum,  and  thus  indicate  the 
posture  of  the  trunk.  The  cerebellum  may  affect  the  motor  nerves  of 
the  cord  through  fibres  which  pass  downward  in  the  lateral  columns  of 
the  cord,  from  the  restiform  bodies  (Flechsig).  Injury  of  the  cerebellum 
produces  neither  disturbance  of  the  psychical  activities,  nor  does  it 
interfere  with  the  will  or  consciousness.  Injuries  to  the  cerebeHiun 
itself  do  not  give  rise  to  pain. 

Aooording  to  Schiff,  the  oerebeUum  does  not  actnally  regalate  the  co-ordinatioD 
of  moyements.  According  to  him,  there  is  a  mechanism  on  both  sides  of  the 
middle  line,  which  increases  all  the  complicated  muscular  moyements ;  not  only 
those  for  powerful  contractions,  but  also  the  peculiar  fine  moyements  which  6x 
the  limbs  and  joints.  Luciani  asserts  that  destruction  of  the  cerebeUum  produces 
a  condition  of  incomplete  tonus,  there  being  a  want  of  energy  to  control  the 
voluntary  muscles.    Each  half  of  the  organ  acts  on  both  halyes  of  the  body. 

Removal  of  the  Cerebellom. — The  results  produced  by  injury  to  or 
removal  of  the  cerebellum  have  been  admirably  described  by  Flouren& 
On  removing  the  most  superficial  layers  in  a  pigeon,  the  animal  merely 
showed  signs  of  weakness  and  interference  with  the  uniformity  of  its 
movements.  On  removing  more  of  cerebellum,  the  animal  became 
greatly  excited,  and  made  violent,  irregular  movements,  which  did  not 
partake  of  the  character  of  convulsions.  The  sensorium  was  unaffected, 
while  vision  and  hearing  were  intact.  Co-ordinated  movements,  such 
as  walking,  flying,  springing,  and  turning,  could  be  executed  but 
imperfectly.  After  removal  of  the  deepest  layers,  the  power  of 
executing  the  above-named  movements  was  completely  abolished. 
On  placing  the  pigeon  on  its  back,  it  could  not  get  on  its  legs ;  at  the 
same  time,  it  made  continually  the  greatest  exertions  in  its  movements,, 
but  these  were  always  inco-ordinated,  and,  therefore,  without  any  satis- 
factory result.  The  will,  intelligence,  and  perception  remained  intact^ 
the  animal  could  see  and  hear,  sought  to  avoid  obstacles  placed  in  ita 
way;  it  gradually  exhausted  itself  in  fruitless  efforts  to  get  on  its  legs, 
and  ultimately  remained  in  its  abnormal  position  quite  exhausted. 
Flourens  concluded  from  these  experiments,  that  the  cerebellum  is  the 
centre  for  co-ordinating  volnntaiy  movements.  Lussana  and  Morganti 
regard  the  cerebeUum  as  the  seat  of  the  muscular  sense. 
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in  Mammals. — ^The  dangers  attendiog  this  operation  are  so  great 
that  bat  few  animalw  Borrive.  Luciani,  however,  by  nsing  antiseptic  and  other 
precautions,  has  been  able  to  do  this  so  that  complete  cicatrisation  was  obtained,  the 
animal  (young  bitch)  being  restored  to  health  for  a  few  months.  The  cerebellum 
alone  was  removed,  but  not  its  peduncles.  As  in  all  other  similar  operations,  we 
must  ^^iafciTigfiiali  shsTply  the  phenomena  manifested  during  recovery  from  those 
after  complete  recovery.  During  the  frtt  period  of  six  weeks,  from  the  time  of 
the  operation  until  complete  recovery,  the  symptoms  are  those  of  injury  and  irri- 
tation of  the  divided  peduncles,  along  with  tiiose  resulting  from  the  removal  of  the 
organ.  They  are  chronic  contractions  of  the  muscles  of  the  fore  limb,  neck,  and 
back,  passing  into  tonic  contractions,  when  the  animal  attempts  to  move,  and  also 
weakness  of  the  hind  legs,  so  that  all  the  normal  voluntary  movements  are  inter- 
fered with,  ie.,  inco-ordinated,  although  these  symptoms  may  be  explained  hy 
the  injury  to  adjoining  parts.  There  was  no  sensory  disturbance  or  loss  of  the 
muscular  sense,  although  closing  the  eyes  rendered  standing  impossible.  As 
recovery  takes  place,  these  symptoms  disappear,  and  the  animal  enters  on  the 
aeeond  period,  where  the  symptoms  depending  on  the  actual  loss  of  the  organ  are 
pronounced.  The  contracture  and  pseudo-paralytic  weakness  disappear,  while 
there  are  alterations  in  the  tone  of  the  individual  muscles,  producing  a  sort  of 
"cerebellar  ataxy.''  The  dog  could  swim  in  quite  a  normal  manner,  its  jxiwer  of 
equilibration  was  not  interfered  with,  but  acts  requiring  a  greater  development  of 
muscular  energy  could  not  be  properly  executed.  In  fishes  also  the  removal  of 
the  cerebellum  does  not  affect  their  power  of  locomotion  (Bandelot).  This  period 
lasted  4-5  months.  After  this  time  its  health  gave  way,  there  was  otitis,  con- 
junctivitis, articular,  and  cutaneous  inflammations,  while  a  peculiar  form  of 
marasmus  set  in,  the  animal  dying  after  eight  months.] 

Duration  of  the  Phenomena. — After  superficial  lesions,  or  after  a  deep 
incision,  the  disturbances  of  co-ordination  soon  pass  away  (Flourens). 
Ji  the  injury  affects  the  lowest  third  of  the  cerebellum,  the  motor 
distorbances  remain  permanently.  Symmetrical  lesions  do  not  disturb 
co-ordination  (SchiflQ.  After  removing  the  greater  portion  of  the 
cerebellum  in  birds,  Weir-Mitchell  has  observed  that  the  original  dis- 
turbances gradually  disappear;  and,  after  months,  only  slight  weakness 
and  a  condition  of  rapid  fatigue  remain. 

In  the  dog,  superficial  injuries  of  the  vermiform  process,  or  of  one  half  of  the  organ, 
produce  merely  temjxiraiy  disturbances;  while  deep  injuries  to  the  vermiforn^ 
process,  or  removal  of  one  hemisphere  and  a  part  of  the  vermiform  process,  cause 
permanent  rigidity  of  the  legs  and  shaking  of  the  head ;  if  the  worm  and  both 
halves  are  destroyed,  there  foUows  permanent,  pronounced  disturbance  of  co-ordi- 
nation (v.  Mering).  According  to  Baginsky,  destruction  of  a  large  part  of  the  ver- 
miform process  alone,  causes  in  mammals  permanent  disturbance  of  co-ordination. 
Ferrier  found  that  a  vertical  section  of  the  cerebellum  in  monkeys  produced  only 
inconsiderable  disturbances  of  equilibrium ;  after  izgury  of  the  anterior  part  of  the 
middle  lobe,  the  animal  often  tumbles  forward,  whUe,  when  the  posterior  part  is 
injured,  it  falls  backward.  After  iigury  of  the  lateral  lobe,  the  animal  is  drawn 
towards  the  affected  side  (Schifi^  Vulpian,  Ferrier,  Hitzig).  If  the  middle  commis- 
sure be  injured,  the  animal  rolls  violentiy  on  its  long  axis  towards  the  injured  side 
(Magendie).  Paralysis  never  occurs  after  injuries  of  the  cerebellum,  nor  is  there 
«vcBr  disturbanoe  of  sensation  or  of  the  sense  of  touch.  Luciani  found  that  marasmufr 
vttinately  set  in  in  animals  with  the  cerebeUum  extirpated. 

In  frogs  an  important  organ  conoerned  with  motion  lies  at  the  junction  of  the 
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'oUongaU  with  the  cerebellum  (Eckhvd).  After  it  ia  removed,  the  uumkl  nan  no 
longer  execute  co-ordiiULted  jumping  movementa,  nor  c»n  it  cnwl  (Ooltz). 

After  injoriea  of  the  cerebellum,  involimtary  oaoiUationi  of  Uie  eyebttllt,  or 
njatagmns  (Skncerotte,  1769),  u  well  u  squinting  (Mageadie,  Hertwig),  1ut« 
been  obterred ;  while  Femer  observed  tnovemeota  of  the  ejebolla  after  electrictJ 
stimulatioii.  Aocording  to  Cunchmuui,  Eckh&rd,  and  Sohwftbn,  thil  occurs  only 
when  the  medulla  oblong*U  it  involved  (S  379). 

Effbcta  of  Electricity  and  VBrtigO.— if  >n  electrioal  current  be  paned 
throngh  the  head,  by  placing  the  electrodes  in  the  mastoid  fossiB  behind  both  ears, 
with  the  +  pole  behind  the  right  and  the  —  pole  behind  the  left  ear,  than  on 
closing  the  corrent  there  is  severe  vertigo,  and  the  head  and  body  lean  to  the  + 
pole,  while  the  objects  aionnd  seem  to  be  displaced  to  the  left.  If  the  eyes  be 
closed  while  the  current  is  passiog,  the  movements  appear  to  be  transferred  to  the 
person  himself,  so  that  he  has  a  feeling  of  rotation  to  the  left  (Purkinje).  At  the 
moment  the  head  leana  towards  the  anode,  the  eyes  turn  in  that  diredion,  and 
often  exhibit  aygtagmua.  The  electrical  current  probably  stimulates  the  nerve* 
of  the  oupnlln,  as  we  know  that  affections  of  these  bodies  cause  vertigo  (§  350). 
The  cerebellom  has  no  relation  to  the  sexual  activities,  as  was  maintuued  by  GalL 
The  contractions  of  the  uterus  observed  by  Valentin,  Budge,  and  3pieg«lberg, 
after  stimulation  of  the  cerebellum,  are  a«  yet  unexplained. 

Pathological.— Lesions  of  one  hemisphere  may  give  rise  to  no  symptom^  but  if 
the  middle  lobe  is  involved,  there  is  inco-ordination  of  movement,  especially  a 
tendency  to  fall,  unsteady  gait,  and  prouoonoed  vertigo.  Irritative  ledons  of  the 
crura  cerebelli  ad  pontem  cause  complete  gyrating  movements  of  the  body  around 
its  axis,  together  with  rotation  of  Uie  eyes  (Nonat)  and  head  (Nothnagel). 


381.  Protective  Apparatus  of  the  Brain. 

The  Metnhraaei.— The  dura  mater  cerebrolis  is  Intimately  united  to  the 
periosteum  of  the  cavity  of  the  akull,  while  the  spinal  dura  mater  fonna  annud 
Ihe  spinal  cord  a  freely  suspended,  long  sac,  fixed  only  on  ita  anterior  sorfaoe.     It 


Fig.  368. 
Tertical  section  of  the  cortex  cerebri  and  its  membrsmet.—  x  2{,  CO,  cortex  cerebri; 
p,  intima  ^  dipping  into  the  sold;  a,  arachnoid,  connected  withp  1^  mesas 
of  the  loose  sub-araohnoid  ttabecnbs  in  thesubaraohnoidipace,  sa;  v,  i^  blood* 
vessels;  (f,*dnra;  and  td,  sub-dural  space. 
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is  a  fibroos  membnne,  conftiating  of  firm  bundles  of  connective-tisnie,  intennizfld 
with  nnmeroua  elastic  fibres,  and  provided  with  flattened  connectlTe-tissne  cor- 
puscles and  Waldeyer*s  plasma  cells.  The  smooth  inner  surface  is  covered  with  a 
layer  of  endothelium.  It  is  but  slightly  supplied  with  blood-vessels,  although  they 
are  more  numerous  in  the  outer  layers ;  the  lymphatics  are  numerous,  while  aocw 
whose  terminations  are  unknown,  give  to  the  dura  its  exquisite  sensibility  to  pain- 
ful operations  on  it.  Pacinian  corpuscles  have  been  found  in  the  dura  over  the 
temporal  bone.  The  lymphatic  stibdurcU  space  (Key  and  Betans)  lies  between  Hm 
dura  and  the  arachnoid,  and  between  the  pia  and  arachnoid,  is  the  subarachnoid 
space  (Fig.  368).  These  two  spaces  do  not  communicate  directly.  The  delicate 
arachnoid,  thin  and  partially  perforated,  poor  in  blood-vessels,  and  without 
nerves,  is  covered  on  both  surfaces  with  squamous  endothelium.  Only  on  the 
apinal  eord  Is  it  separated  from  the  pia^  so  that  between  both  Ilea  the  lymphatic 
aubarachnoid  space ;  ever  the  brain,  tte  two  membranes  are  for  the  moat  part 
imited  together,  except  the  parts  bridging  over  the  sulci  between  adljaoent  ooifc- 
YohitiQaB.  The  arachnoid  pasaea  from  convolution  to  oonvolutiaan  without  dipping 
into  the  sulci,  while  the  pia  dips  into  each  sulcus.  The  ventrinles  of  the  brain 
conmmnieate  freely  with  the  lymphatic  mbarachnmd  spaee^  but  not  with  the  aub^ 
dnnd  spaoe  (Waldeyer  and  Fischer).  The  pia  consists  of  delioata  bundles  of  caa- 
neetiTfr-tisane  without  any  adnuxtmre  of  elastic  fibres ;  it  is  richly  supplied  with 
biood-veaaeb  and  lymphatica,  and  carriea  nerves  which  afioompany  the  blood- 
vesaela  into  the  aabetance  of  the  brain  (KOUiker).  The  lymphatics  open  into  the 
aubarachnoid  space  (p.  406).     Segarding  the  cerebrospinal  fluid  see  p.  411. 

The  Pacchionian  bodies,  or  granulations,  are  connective-tissne  villi,  which 
serve  for  the  outflow  of  lymph  from  the  subdural  and  subarachnoid  spaces  into  the 
sinuses  of  the  dura  mater,  especially  the  longitudinal  sinus.  The  subarachnoid 
space  also  communicates  with  the  spaces  in  the  spongy  bone  of  the  skull,  and  with 
the  veins  of  the  skull  and  surface  of  the  face  (Kollmann).  The  subdural  space  also 
communicates  with  the  lymphatic  spaces  in  the  dura,  while  the  latter  communicate 
directly  with  the  veins  of  the  dura.  Both  the  subdural  and  subarachnoid  lymph- 
atic spaces  communicate  with  the  lymphatics  of  the  nasal  mucous  membrane.  The 
space  outside  the  dura  of  the  spinal  cord  is  called  the  ^idvrai  space,  and  may  be 
regarded  as  lymphatic  in  its  nature;  the  pleural  and  peritoneal  cavities  maybe 
filled  from  it;  but  it  does  not  communicate  with  the  cavity  of  the  skull  (Waldeyer 
and  Fischer).  The  plexuses  of  blood-vessels  are  surrounded  by  undeveloped  con- 
nective-tiBsue.  The  telsB  choroide»  in  the  new-bom  are  still  covered  with  ciliated 
epithelium. 

The  Movements  of  the  Brain.— The  pulsations  of  the  large  basal 
cerebral  vessels  commnnicate  their  pulscUUe  movements  (§  79,  6)  to  the 
brain — ^the  respiffaioTy  movements  also  affect  it^  so  that  the  brain  rises 
daring  expiration  and  sinks  during  inspiration.  Lastly,  there  are  slight 
alternating  vascvla/r  elevations  and  depressions,  occurring  2-6  times  per 
minute,  due  to  the  periodic  dilatation  and  contraction  of  the  blood- 
vessels (p.  896).  Psychical  excitement  influences  these,  and  they  are 
most  regular  during  sleep  (Burckhardt,  Mays).  The  movements  are 
best  seen,  especially  where  the  membranes  of  the  brain  offer  little 
resistance,  e.^.,  over  the  fontanelles  in  children,  and  where  the  mem- 
branes have  been  exposed  by  trephining.  The  presence  of  the  oerebco- 
spinal  fluid  is  most  important  for  the  occurrence  of  these  movements, 

as  it  propagates  the  pressure  uniformly,  so  that  every  systolic  and 

28 
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expiratory  dilatation  of  the  blood-vessels  is  concentrated  upon  those 
parts  of  the  cerebral  membrane  which  do  not  offer  any  resistance 
(Donders).  When  the  fluid  escapes,  the  movements  may  almost 
disappear. 

Mental  excitement  increases  the  pnlBaiions  of  the  brain.  At  the  moment  of 
awaking  the  amount  of  blood  in  the  brain  diminishes;  sensory  stimuli,  applied 
during  sleep,  so  that  the  sleeper  does  not  awake,  increase  the  amount  of  blood. 
As  the  arteries  within  the  rigid  skull-case  change  their  volume  with  each  pulse- 
beat,  the  veins  (sinuses)  exhibit  at  every  beat  a  pulaatile  variation  in  volume,  the 
opposite  of  that  occurring  in  the  arteries  (Mosso). 

The  Cerebral  Blood-Vessela.— The  blood-vessels  of  the  pia,  of  course,  are 
regulated  by  the  vaso-motor  nerves  (§  366,  A,  3),  and  their  calibre  may  also  be 
influenced  by  the  stimulation  of  more  distant  parts  of  the  body  (§  347).  Donders 
trephined  the  skull,  so  as  to  make  a  round  hole,  and  filled  it  with  a  piece  of  glass, 
so  that  with  a  microscope  he  could  observe  changes  in  the  calibre  of  the  blood- 
vessels. Paralysis  of  the  vaso-motor  nerves  and  narcotics  dilate  the  blood-vessels; 
they  become  greatly  contracted  at  death  (§  373»  I).  The  blood-vessels  are  dilated 
during  cerebral  activity  (§  100,  A)  as  well  as  during  sleep.  Increased  pressure 
within  the  skull  causes  great  derangement  of  the  cerebral  activity;  laboured  re- 
spiration (§  368,  B),  unconsciousness  even  to  coma,  and  paralytic  phenomena — all 


Fig.  369. 

Arteries  of  the  base  of  the  brain,  or  circle  of  Willis  (after  Charcot)— €  C,  internal 
carotids;  GA,  anterior  cerebral;  SS,  Sylvian  arteries;  W,  vertebrals;  B, 
basilar;  GP,  posterior  cerebnds;  1,  2,  3,  3,  4,  4,  groups  of  nutrient  arteries. 
Hie  dotted  line  shows  the  limit  of  the  ganglionic  circle. 
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of  which  may,  in  part,  be  referable  to  diitorbuiaeB  of  the  circulation.  If  all  the 
ctamal  arteriM  be  ligatnred  mddenlj,  there  is  immediate  looa  of  cansciooanen, 
tcgether  with  strong  stimulation  of  the  medulla  oblongata  and  its  centres,  and 
death  takes  place  rapidly  with  oonvoMoiu  (compare  §  373). 

By  the/ree  anailomoait  which  take*  place  at  the  b<ue  of  the  Arotn  (Fig.  369),  the 
indiTidnal  parts  of  the  brain  are  preserved  from  want  of  blood,  when  one  or  other 
blood-Tcssel  ia  compreiaed  or  ligatured.  Vilhin  the  brain  the  arteriea  are  dia- 
tribat«da«  "termiitaj"  arteries — 1.«.,  the  terminal  branches  of  any  one  art«ry  end 
in  thmr  own  area,  and  do  not  anastomose  with  those  of  adjoining  areas  (Cbhn- 
hum).  On  the  other  hand,  the  peripheral  arteries  (arteriea  of  the  corpus  callonun. 
Sylvian  fissure,  and  deep  cerebral)  which  run  externally  on  the  brain,  form  free 
anastomoses  (Tiehomirow), 

[The  nutrient  or  ganglionic  turteiies  for  the  central  ganglia  arise  in  groups 
from  the  circle  of  Willis,  or  from  the  first  two  centimetres  of  its  tnmks.  The 
anUro-fnalian  group  (1)  enpplies  the  anterior  part  of  the  head  of  the  candate 
nucleus.  The  poatero-mtdian  (2)  supplies  the  internal  surface  of  the  optic  tbalami 
and  the  woUs  of  the  third  ventricle.  The  oMero-lalerai  groups  (3,  3)  from  the 
Sylvian  supply  the  corpora  striata,  and  the  anterior  part  of  the  optic  thalamns. 
The  poaUro-lateral  (4,  4)  supply  a  large  part  of  the  optic  thalami  (Charcot).  A 
line  drawn  at  a  distance  of  two  centimetres  outside  the  circle  of  Willis  enclgees 
the   ganglionic   circle.      The   cerebral   couvolntious   are  supplied  by  the  large 


Rg.  370. 
Tnuverse  secticoi  of  the  cerebmm  behind  the  optic  chiasma :  Arteries  of  the 
corpus  striatum— C  A,  optic  chiasma;  B,  section  of  optio  tract;  L,  lenticolar 
naclena;  I,  internal  capsule  or  foot  of  Reil's  corona  radiata;  C,  caudate 
nucleus;  E,  external  capanle;  T,  claustrum;  R,  convolutiona  of  the  Island 
of  Eeil ;  V  V,  section  of  the  lateral  ventricles ;  P  P,  pillars  of  the  fornix ;  O, 
grey  aubstance  of  the  third  Tentricle,  Vascular  areas— I,  anterior  cerebral 
artery;  11,  Sylvian  artery;  in,  posterior  cerebral  artery.  1,  Internal  carotid; 
2,  Sylvian,  3,  anterior  cerebral  artery;  44,  lenticulo-striate  arteries;  SS, 
leoticnlar  art^es. 

branches  of  the  circle  of  Willis.  The  anUrior  cerebral  supplies  the  gyms  rectns, 
and  the  supra'orbital,  the  first  and  second  frontal  convolutions,  the  pnecentral,  and 
qnodnte  lobolee  (Fig.  370, 1).    The  potterior  eertbral  goes  to  the  xopaa  of  the 

ocdpital  lobe,  while  the  Sylvian  artery  goes  to  the  posterior  part  of  the  frontal 
lobe,  and  to  all  the  parietal  lobe,   i.e.,  chiefly  to  the  motor  oreoa  (III).     The 
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tenninal  brmnohes  of  theae  gangliooio  arterieB  do  not  anastoiiioM  with  the  cwtical 
^jrstaoL  Fig.  370  showB  th«  gangUonio  arteriM  piardiig  the  basal  gaogtia. 
ObTionsIy  when  hsmorrhage  of  the  lenticiilo-stiiate  artery  (4»  4)  oocore  it  wfll 
oompress  the  lenticular  nucleus,  or  tear  it  ap»  and  may  eren  izunre  the  parts 
«atBide»  snoh  as  the  external  capsnle,  daastntm  (T),  and  laUmd  of  Bell  (Bi)>  or 
tboee  inside,  €,g,^  the  internal  oapsule.] 

If  a  person  who  has  been  in  bed  for  a  long  time,  and  whoaa  blood  ia  small  in 
amoont,  be  suddenly  lifted  up  into  the  erect  position,  cerebral  anaBmia  ia  nol 
vsfrequently  produced,  owing  to  hydrostatio  oausea.  At  the  aame  tfane  thcxQ 
may  be  (leas  of  consciousness  and  impairment  of  the  senses.  liebermeister  re- 
gards the  ikjfrcid  gland  as  a  collateral  blood-reeervoir  which  empties  its  blood 
towards  the  head  during  such  changes  of  the  position  of  the  body«  Feihapa 
this  may  explain  the  swelling  of  the  thyroid,  as  a  compensatory  act,  when  the 
heart  beats  yiolentiy,  and  the  brain  is  surcharged  with  blood  (8 103,  UL,  and  371)^ 
Very  violent  muscular  exertion,  as  well  as  marked  activity  of  oth«r  oigana,  oanas 
«  Tery  considerable  fall  of  the  blood-pressure  in  the  carotid. 

Fresfnre  on  the  Brain.— The  brain  and  the  fluid  surrounding  it  are  ocm- 
•stantiy  subjected  to  a  certain  mean  pressvre,  which  must  ultimately  depend  upon 
the  blood-pressure  within  the  vascular  system.  The  investigations  of  Naunyn 
4md  Schreiber  on  the  cerdnul  presmire  (or  cerebro-spinal  preaaure)  showed*  that  the 
pressure  must  be  slightiy  less  than  the  pressure  within  the  carotid  before  the 
aymptoms  proper  to  pressure  on  the  brain  occur.  These  are— sudden  attacks  of 
headache,  with  vertigo,  or  it  may  be  loss  of  consciousness,  vomiting,  slowing  of 
the  pulse,  slow  and  shallow  respiration,  convulsions — ^while  the  pressure  of  the  cere- 
brospinal fluid  is  increased.  The  cause  of  these  phenomena  lies  in  the  anmmia  of 
the  brain.  If  the  pressure  is  moderate,  the  above-named  symptoms  may  remain 
latent;  nevertheless,  disturbances  of  the  nutrition  of  the  brain  occur,  with  con- 
aecutive  phenomena,  such  as  persistent  slight  headache,  feeling  of  vertigo,  mns- 
•cnlar  weakness,  and  disturbances  of  vision  (owing  to  neuro-retinitis  with  choked 
<li8c).  Increase  of  the  blood-pressure  diminishes  the  symptoms,  while  diminution 
of  the  blood-pressure  causes  more  pronounced  phenomena  of  cerebrospinal 
pressure. 

In  the  dog,  pain  begins  with  a  pressure  of  70-80  mm.  Hg.  Conidaumesa  Is 
■abolUhed  when  the  pressure  is  higher,  and  at  80-100  mm.  apaama  take  place.  A 
pressure  of  100-120  mm.  causes  dowmg  qf  the  pulae,  owing  to  stimulation  of  the 
vagus  at  its  origin ;  the  respirations  are  temix>rarily  accelerated  and  then  diminish. 
Long-continued  severe  compression  always,  sooner  or  later,  ends  fatally.  The 
blood-pressure  at  first  is  increased,  owing  to  reflex  stimulation  of  the  vaso-motor 
^centre,  from  the  pressure  stimulating  the  sensory  nerves;  ultimately,  the  blood- 
pressure  falls,  and  the  pulse  becomes  very  slow.  Irregular  variations  in  the 
blood-pressure  point  to  a  direct  central  stimulation  of  the  vaso-motor  centre  by 
pressure. 

The  application  of  continued  slowly-increasing  pressure  oompresaee  the  brain 
<Adamkiewicz). 

382.  Comparative— Historical 

ComparatiYe. — Nerves  are  absent  in  the  protozoa.  Neuro-muscular  ceUs  (S  296) 
occur  in  the  coBlerUerata,  in  the  hydroida  and  medusa,  and  they  are  the  first  indica- 
tions of  a  nervous  apparatus.  The  umbrella  of  the  medusa  is  covered  with  a 
plexus  of  nerve-fibrils,  which,  at  various  parts  along  its  margin,  is  provided  with 
email  cellular  thickenings  corresponding  to  ganglia,  and  from  these  nerve-fibres 
proceed  to  the  sense  organs.  Many  of  the  uforma  posaesa  a  nervous  ring  in  the 
cephalic  portion,  and  in  those  provided  with  an  intestine,  a  single  or  double  nervous 
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cord,  in  the  form  of  a  ring,  anrronnds  the  pharynx.  Branches  (often  two)  pass 
from  this  into  the  elongated  body,  and  nsually  these  carry  ganglia  corresponding  to 
each  ring  of  the  body  of  the  animal.  In  the  leech  oidy  one  gangliated  oord  is 
present* 

In  the  ecJunodermata  a  large  nerve-ring  surrounds  the  month,  and  from  it  largo 
nerves  proceed  corresponding  to  the  chief  trunks  of  the  water-vascular  system. 
At  the  points  where  the  nerves  are  given  off,  the  nervous  ring  is  provided  with  the 
so-called  '^ambulacral  brains."    The  arthropoda  are  provided  with  a  large  cephalic- 
ganglion  placed  above  the  pharynx,  firom  which  nerves  pass  to  the  sense  organs. 
Another  ganglion  lies  on  the  under  surface  of  the  pharynx,  and  is  connected  witb 
the  former  by  commissures.     The  pharynx  is  thus  embraced  by  a  gangliated. 
ring,  from  whence  proceed  the  abdominal  gangliated  double  chain,  along  the 
Tentral  surface  of  the  body,  through  the  thorax  and  abdomen.    Sometimes  several 
ganj^  unite  to  form  a  large  compound  ganglion,  while  in  other  cases  each  segment, 
of  the  body  contains  its  own  ganglia.    In  the  mollusea  the  oesophageal  nervous 
ring  is  present,  although  the  ganglionic  masses  vary  much  in  position  within  it. 
A  number  of  compound  ganglia  lie  scattered  in  different  parts  of  the  body,  and  are- 
united  by  nerves  to  the  former.     They  represent  the  sympathetic  system.    In  the 
cephalopoda  the  oesophageal  ring  has  almost  no  commissure,  and  a  part  of  the 
ganglionic  matter  is  enclosed  in  a  cartilaginous  capsule,  and  is  often  spoken  of  ae  a. 
"brain."    Additional  ganglia  are  found  in  the  mantle,  heart,  and  stomach.    In 
verUbraUs  the  nervous  system  invariably  lies  on  the  dorsal  aspect  of  the  body.    In 
the  amphioxus  there  is  no  separation  into  brain  and  spinal  cord.    (See  §  374  and 
§  376.) 

Hi8torical.--Alkm]&on  (680  b.g)  placed  the  seat  of  consciousness  in  the  brain, 
Galen  (131-203  A.D.)  regarded  it  as  the  seat  of  the  impulses  for  volxmtaiy  move- 
ments. Aristotle  (384  b.o.)  ascribed  the  relatively  largest  brain  to  man;  he 
stated  that  it  was  inexcitable  to  stimuli  (insensible).  One  of  the  functions  he 
ascribed  to  the  brain  was  to  cool  the  ^eat  ascending  from  the  heart.  Herophilna 
(300  B.C.)  gave  the  name  calamus  scriptorius ;  and  he  regarded  the  fourth  ventricle 
as  the  most  important  organ  for  the  maintenance  of  life.  Even  in  Homer  there  are- 
repeated  references  to  the  dangers  of  injuries  of  the  neck.  Aretaens  and  Cassius 
Felix  (97  a.  d.)  were  aware  of  the  fact  that  lesion  of  one  cerebral  hemisphere  caused 
paralysis  on  the  opposite  side  of  the  body.  Galen  was  acquainted  with  the  path, 
in  the  spinal  oord  connected  with  movement  and  sensation.  Vesalius  (1540)  de- 
scribed the  five  ventricles  of  the  brain.  R.  Colombo  (1559)  observed  the  move- 
ments of  the  brain,  isochronous  with  the  action  of  the  heart.  A  more  careful 
description  of  these  movements  was  given  by  Biolan  (1618).  Goiter  (1673) 
discovered  that  an  animal  can  live  after  removal  of  its  cerebrum.  About  tho 
middle  of  the  17th  century,  Wepfer  discovered  the  hoomorrhagic  nature  of 
apoplexy.  Schneider  (1660)  estimated  the  weight  of  the  brain  in  different  anin^als. 
Mistichelli  (1709)  and  Petit  (1710)  described  the  decussation  of  the  fibres  of  the 
spinal  cord  below  the  pons.  Gall  discovered  the  partial  origin  of  the  optic  nerve^ 
from  the  anterior  pair  of  the  corpora  quadrigemina,  and  by  dissecting  the  brain 
from  below,  he  attempted  to  trace  the  course  of  the  nerve-fibres  to  the  convolutions 
(1810).  Kolando  described  more  accurately  the  form  of  the  grey  matter  of  tiie 
spinal  cord.  Cams  (1814)  discovered  the  central  canal.  The  most  oompendidns. 
work  on  the  brain  was  written  by  Burdach  (181^1826).  The  more  recent  obser- 
vations are  referred  to  in  the  text. 


Physiology  of  the  Sense  Organs. 


383,  Introductory  Observations. 

Bequisite  CondiUonB. — The  sense  organs  have  the  function  of 
transferring  to  the  sensorium  impressions  of  the  various  phenomena  of 
the  external  world ;  they  are,  in  fact,  the  intermediate  instruments  of 
sensory  perceptions.  In  order  that  this  may  occur,  the  following  con- 
ditions must  be  fulfilled: — 1.  The  sense  organ,  provided  with  its 
specific  end-organ,  must  be  anatomically  perfect,  and  capable  of  acting 
physiologically.  2.  A  " specific'*  stimulus  must  be  present,  which 
under  normal  conditions  acts  upon  the  end  organ.  3.  The  sense 
organ  must  be  connected  with  the  cerebrum  by  means  of  a  nerve,  and 
the  conduction  through  this  path  must  be  uninterrupted.  4.  During 
the  act  of  stimulation,  the  psychical  activity  (attention)  must  be 
directed  to  the  process,  and  then  the  sensation  results,  «.^.,  of  light  or 
sound,  through  the  sense  organ.  5.  Lastly,  when  by  a  psychical  act, 
the  sensation  is  referred  to  the  external  cause,  then  there  is  a 
conscious  sensory  perception.  Often,  however,  this  relation  is  com- 
pleted as  an  unconscious  conclusion,  as  it  is  essentially  a  deduction 
from  previous  experience. 

Stimuli — ^With  regard  to  the  stimuli  which  are  applied  to  the 
sensory  apparatus,  we  distinguish : — 1.  Adequate  or  homologous  stimuli, 
f.e.,  stimuli  for  whose  action  the  sense  organs  are  specially  adapted,  such 
as  the  rods  and  cones  of  the  retina  for  the  vibrations  of  the  ether. 
Thus,  each  sense  organ  has  a  specific  form  of  stimulus  best  adapted  to 
act  upon  it  This  is  what  Johannes  Miiller  called  the  law  of  specific 
energy.  2.  There  are  many  other  forms  of  stimuli  (mechanical,  thermal, 
chemical,  electrical,  internal  somatic)  which  act  upon  the  sense  organs, 
producing  the  flash  of  light  beheld  when  the  eye  is  struck ;  singing  in 
the  ears  when  there  is  congestion  of  the  head.  These  heterologous 
stimuli  act  upon  the  nervous  elements  of  the  sensory  apparatus  along 
their  erdire  course,  from  the  end-organ  to  the  cortex  cerebri.  The 
homologous  stimuli,  on  the  other  hand,  act  only  on  the  end-organ,  t.e., 
light  has  no  effect  whatever  upon  the  trunk  of  the  exposed  optic 
nerva 

Strength  and  T.imiim.l  Intensity. — Homologous  stimuli  act  upon  the 
sensory  organs  only  within  certain  limits  as  to  strength.    Very  feeble 
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stimuli  at  first  produce  no  effect.  That  strength  of  stimulus  which  is 
just  sufficient  to  cause  the  first  trace  of  a  sensation  is  called,  by  Fech- 
ner,  the  ^^liminai  inknsUy"  of  the  sensation.  As  the  strength  of  the 
stimulus  increases,  so  also  do  the  sensations,  but  the  sensations  increase 
equally^  when  the  strength  of  the  stimulus  increases  in  relative  pro- 
portions. Thus,  we  have  the  same  sensation  of  equal  increase  of  light 
when,  instead  of  10  candles,  11,  or,  instead  of  100  candles,  110  are 
lighted — the  proportion  of  increase  in  both  cases  is  equal  to  one-tentL 
As  the  logarithm  of  the  numbers  increases  in  an  equal  degree,  when 
the  numbers  increase  in  the  same  relative  proportion,  the  law  may  be 
expressed  thus :  "  The  sensations  do  not  increase  with  the  absolute 
strength  of  the  stimuli,  but  nearly  as  the  logarithm  of  the  strength  of 
the  stimulus."  This  is  Fechner's  "psycho-physical  law,''  but  its 
accuracy  has  recently  been  challenged  by  E.  Bering.  [It  holds  good 
only  with  regard  to  stimuli  of  medium  strength.]  If  the  specific  stimulus 
be  too  intense,  it  gives  rise  to  peculiar  painful  sensations,  e,g.,  a  feeling 
of  blindness  or  deafness,  as  the  case  may  be.  The  sense  organs  respond 
to  adequate  stimuli,  but  only  within  certain  limits  of  the  stimulus, 
e,g.^  the  ear  responds  only  to  vibrating  bodies  emitting  a  certain  range 
of  vibrations  per  second ;  the  retina  responds  only  to  the  vibrations  of 
the  ether  between  red  and  violet,  but  not  to  the  so-called  heat  vibra- 
tions or  to  the  chemically  active  vibrations. 

[Fechner's  Law. — Expressed  in  another  way,  the  result  depends  on 
(1)  the  strength  of  the  stimulus,  and  (2)  the  degree  of  excitability. 
Supposing  the  latter  to  be  constant,  while  the  former  is  varied,  it  is 
found  that  if  the  stimulus  be  doubled,  tripled,  or  quadrupled,  the 
sensation  increases  only  as  the  logarithm  of  the  stimulus.  Suppose 
the  stimulus  to  be  increased  10,  100,  or  1000  times,  then  the  sensation 
increases  only  as  1,  2,  or  3.  Just  as  there  is  a  lower  limit  of  excitation, 
liminal  intensity  (or  threshold),  so  there  is  an  upper  limit  or  maximum 
of  excitation  or  height  of  sensibility  (Wundt),  when  any  further 
increase  produces  no  appreciable  increase  in  the  sensation.  Thus  we  do 
not  notice  any  difference  between  the  central  and  pheripheral  portion 
of  the  sun's  disc,  though  the  difference  of  light-intensity  is  enormous 
(Sully).  Between  these  two  is  the  range  of  sensibility  (Wundt). 
There  is  always  a  constant  ratio  between  the  strength  of  the  stimulus 
and  the  intensity  of  the  sensation.  The  stronger  the  stimulus  already 
applied,  the  stronger  must  be  the  increase  of  the  stimulus  in  order 
to  cause  a  perceptible  increase  of  the  sensation  {Weber's  Law).  The 
necessary  increment  is  proportional  to  the  intensity  of  the  stimulus, 
and  it  varies  for  each  sense  organ.  If  a  weight  of  10  grams  be  placed 
in  the  hand,  it  is  found  that  3*3  grams  must  be  added  or  removed 
before  a  difference  in  the  sensation  is  perceptible;  if  100  grams-  are 
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ItelJI,  $S*S  grams  must  be  added  or  removed  to  obtain  a  perocqptible 
diibrenoe  in  the  sensation.  The  magnitude  of  the  fraction  indicating 
the  incremeDt  of  stimulus  necessary  to  obtain  a  perceptible  differenoe 
of  liie  sensation  is  spoken  of  as  the  amstani  proportion  or  the  duaiminr 
fOim  sensibility.  In  the  above  case  it  is  1 : 3.  The  following  taUe 
gives  approximately  the  constant  proportion  for  each  sense : — 


Tactile  Sensation,  .... 

.     1: 

3.  \ 

Thermal      „ 

.     1: 

8* 

Auditoty     „         .... 

.     li 

1     8.* 

Mnacnlar     „ 

.     6: 

ilOO.,!, 

Visual          „ 

_  Jit . A» •                               1*         1         ^                .1 

.     1: 

The  term,  after-sensation,  is  applied  to  the  following  phenomenon, 
viz.^  that,  as  a  rule,  the  sensation  lasts  longer  than  the  stimulus  pro- 
ducing  it ;  thus  there  is  an  after-sensation  after  pressure  is  applied  to 
the  skin.  Subjective  sensations  occur  when  stimuli,  due  to  internal 
somatic  causes,  excite  the  nervous  apparatus  of  the  sense  organ.  The 
highest  degrees  of  these,  depending  mostly  upon  pathological  stimulation 
of  the  psycho-sensorial  cortical  centres,  are  characterised  as  halludnatioiiSy. 
e.g.y  when  a  delirious  person  imagines  he  sees  figures  or  hears  sounds 
which  have  no  objective  reality.  In  opposition  to  this  condition  the 
term,  illusion,  is  applied  to  modifications  by  the  sensorium  of  sensations 
actually  caused  by  external  objects,  e.g.y  when  the  rolling  of  a  waggon 
is  mistaken  for  thunder. 

In  a  new-born  child  the  sense  of  touch  is  strongly  developed,  pain  slightly, 
muscular  sensations  are  undoubtedly  present,  while  smell  and  taste  are  frequently 
confounded.  Auditory  stimuli  are  heard  from  the  second  day  oiiward%  tii» 
stimnUns  of  light  immediately  after  birth,  but  a  peripheral  field  of  vision  does  not 
yet  exist  (Cuignet).  Towards  the  4th-5th  week  the  movements  of  convergence 
and  accommodation  are  noticeable,  while,  after  four  months,  colours  are  dis- 
tinguished. The  various  stimuli  are  not  perceived  simultaneously — a  reflex  iohifal* 
tory  centre  is  not  yet  developed  (Qenzmer). 


The  Yisual  Apparatus— The  Eye- 


384.  Anatomico-Histological  Observations. 

In  the  foQowing  remarks  it  is  assumed  that  the  student  is  familiar 
with  the  anatomical  structure  of  the  eye: — 

TII6  COmeay  for  the  sake  of  simplicity,  is  regarded  as  uniformly  spherical,, 
although,  properly  speaking,  it  differs  slightly  from  this  form.  It  is  more  like  a- 
vertical  sectioii  of  a  somewhat  oblique  ellipsoid,  which  we  must  suppose  to  be* 
formed  by  rotating  an  ellipse  around  its  long  axis  (Brttcke).  It  is  nearly  of 
uniform  thickness  throughout,  only  in  the  i^ant  it  is  slightly  thicker  in  the- 
oentre,  and  in  the  adult  slightly  thinner.  The  cornea  consists  of  the  following: 
layers : — 

[1.  Anterior  stratified  epithelium. 

2.  Anterior  elastic  lamina. 

3.  Substantia  propria. 

4.  Posterior  elastic  lamina. 

5.  Single  layer  of  epithelium.] 

1.  The  anterior  epithelium^  stratified  and  nucleated  (Fig.  373,  a),  consists  of 
many  layers  of  cells.  The  deepest  cells  are  more  or  less  columnar,  are  arranged 
side  by  side,  and  are  called  supporting  cells.  The  cells  of  the  middle  layers  are 
more  arched,  and  dip  with  finger-shaped  processes  into  corresponding  spaces- 
between  their  neighbours.  The  most  superficial  cells  are  flat,  perfectly  smooth, 
hard,  keratin-containiDg,  squamous  epithelium.  2.  The  epithelial  layer  re8t» 
upon  the  anterior  elastio  membrane  (Bowman's  elastic  lamina),  a  structure- 
less clear  basement-like  membrane  (6),  whose  existence  is  denied  by  Brttcke. 
3.  The  substantia  propria  of  the  cornea  consists  of  (chondrin-yielding)  fibre» 
(Johannes  Mailer,  Kollett)  composed  of  delicate  fibrils  of  connective-tissue.  The 
fibres  are  arranged  in  mat-like  thin  lamellae  (/),  more  or  less  united  to^^ether,  and 
are  placed  in  layers  over  each  other.  Towards  the  anterior  elastic  lamina,  the 
fibres  bend  round  and  perforate  the  superficial  lamelloe,  thus  serving  as  supporting 
fibres.  [These  perforating  fibres  are  comparable  to  Sharpey*s  fibres  in  bone.} 
Between  the  lamellie  are  a  series  of  intercommunicating  spaces  lined  by  endothe- 
lium. These  spaces  are  really  lymph-spaces,  and  they  communicate  with  th» 
lymphatics  of  the  conjunctiva.  The  fixed  comecU  corpuscles  (c)  lie  in  these  spaces, 
and  are  provided  with  numerous  processes  which  anastomose  with  the  processev 
of  corpuscles  lying  between  the  lamellse  above  and  below  them,  and  on  either 
side  of  them.  Kiihne  observed  that  stimulation  of  the  corneal  nerves  was  followed 
by  contraction  of  these  cells  (p.  418,  7) ;  while  Kiihne  and  Waldeyer  maintain 
that  they  are  connected  with  the  corneal  nerve-fibrils. 

[The  oomeal  corpuscles  sre  looked  upon  as  branched  oonnective-tissae  cor* 
puseles  lying  in  and  not  quite  filling  the  branched  spaces  between  the  lamellsBi 
The  processes  anastomose  freely  with  similar  oeUs  in  the  same  plane,  and  to  a^ 
less  extent  with  the  processes  of  cells  in  planes  immediately  above  and  belov 
them.    In  a  section  stained  with  gold  chloride,  they  present  the  appearance 
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in  Fig.  371-  In  a  Teitieftl  leotion  of  the  conM  they  appear  funfbnn  (lig.  373), 
and  parallel  to  the  free  surface  of  the  oomea.  If  the  oomea  of  a  frog  be  pencilled 
with  lilver  nitrate,  the  cement  rabatonce  between  the  lamells  ia  blackened,  and 
the  branched  cell-apaces  remain  clear,  as  ia  Fig.  37^.  The  one  figure  reprtaente, 
tu  it  were,  the  poaitive,  and  the  other  the  negative  image.] 


of  the  frog  treated  with  silver  nitrate— 
The  ^runnd  lubstancc  ia  stained,  while  tbc 
ipscea  for  the  corneal  corpuscles  are  left 
unatained. 


Fis-  3T1. 
Comea  of  the  trog  treated  with  chloride  of 
gold,    showing    the   corneal    corpuacles 
etained,  and  a  few  nerve-librilB. 

[Bowman's  tubea  are  artificial  pmductiona,  formed  by  forcing  air  or  a  coloured 
fiuid  between  the  lamells,  when  it  paaacs  between  the  bundlea  of  fibrils  forming 
a  teriea  of  tubes  with  dilatations  OD  them,  and  runniug  at  right  angle*  to  one 
another  between  the  lamellEe.] 

According  to  v.  Reckliughausen,  lencocytea  also  pasa  into  these  lymph-ipacea  or 
juice-canals.  The  importance  of  theae  leucocytes  in  inflanunation  is  referred  to  at 
p.  4U.  i.  The  transparent,  atmctureteaa  poiterior  elaatic  membruie  [d),  the 
membrane  of  Deacemet  or  Demoara,  is  in  many  aoimala  fibrillated,  and  shows 
evidence  of  stratification  ;  while,  towards  the  margin  of  the  cornea,  there  are  occa- 
aionaUy  sUght  conical  elevations.  Tbia  membrane  is  very  tough,  and  very  resistant 
(of  great  importance  in  inSammation).  If  it  be  removed,  it  rolls  np  towards  the 
convex  aide.  At  ita  peripheiy,  it  becomes  continuons  with  the  libro-elaatie, 
reticiitat«d  ligamentam  pectinahim  iridia,  whoae  trabecnhe  are  covered  by 
epithelimn.  6.  The  poet«rior  single  layer  of  epitlieliTUn  consiata  of  flat, 
delicate  nncleated  cells  («),  which  are  continued  from  the  margin  of  the  cornea  on 
to  the  anterior  surface  of  the  iris  {o).  Fine  juice-canala  exist  in  the  apaoes 
between  the  individual  cells  (v.  Becklinghauaeo],  These  spacea  communicate 
with  a  system  of  fine  tubea  onder  the  epithdium,  perforate  DeKemet'a  membrane, 
and  thus  communicate  with  the  corneal  apacee  (Preisa). 
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The  nerrei  of  the  comaa,  which  ore  derived  from  the  long  and  ibort  ciluuT- 
nervM  (9  347)  ore  partly  mMorv  i"  functdon.  They  enter  the  cornea  at  iti 
taaipa  u  mediillated  fibres  but  the  tuyelm  «ooa  diaappea^a,  while  the  axial 
cylinders  split  op  mto  fibnla.  (The  axial  ylmdeia  branch  and  form  a  pleina 
h«tween  the  lunelln  eepecially  iiea  the  anterior  aurface,  the  /undamealal  or 
fTouad  pUxiu.  The  e  are  tnangnlai  nu  le  at  the  nodal  pointe,  bnt  thejr  |)robably 
bel  ng  to  the  sheath  of  flattened  cells  whi  h  co  er  the  larger  branchea.  There  i>  a 
fine  and  deuaer  pleina  of  fib  ils  munodiately  nuder  the  anterior  epitheLum,  tab- 


i^^^^ 


Fig.  373. 
Antero-posterior  eection  at  the  junction  of  the  cornea  with  the 
Eclerotic. 
1,  anterior  oomeftl,  or  conjunctival  epithelium ;  6,  Bowman'a  lamina  ;  c.  corneal 
corpoBclea  lyiog  in  the  juice  canals ;  i,  corneal  lamellce  (the  whole  thicknexa 
lying  between  b  and  i^  ia  the  embstontia  propria  comcEe);  d,  Deacemct'i  mem- 
brane ;  e,  epithelium  covering  it )  /,  junction  of  cornea  with  the  aclarotio  ;  g, 
limlnis  conjnnctivie  ;  h,  coignnctiva ;  i,  canal  of  Schlemm ;  k,  Leber's  venous 
pleina  (ia  regarded  by  Leber  as  belonging  to  i) ;  m,  nt,  meahes  in  the  tisaae  of 
the  tig.  iridia  pectinatum ;  n,  attachment  of  the  iris ;    o,   longitudinal,  p, 
circular  (divided  tranaversely)  bundles  of   tibrea  of  the  eclerotic ;  q,  peri- 
chorideal  apace ;  t,  meridional  [radiating] ;  I,  equatorial  (circular)  bundles  of 
the  ciliary  mnacle ;  ti,  tranaverae  section  of  a  ciliary  srtery ;  v,  epithelinm  of 
the  iris  (a  couldnuation  of  that-on  the  posterior  surface  of  the  cornea) ;  u, 
substance  of  the  iris ;  x,  pigment  of  the  iria ;  s,  a  ciliary  procen. 
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epUheUeU  pUxu*^  which  ii  deriTod  from  the  former!,  the  fibrils  uiung  in  pencils  or 
groups.  Some  fibrils  perforate  the  anterior  elastic  Umin>^  rami  peiforantes,  and 
pass  between  the  anterior  epithelial  cells  to  fonn  the  intra-epUhdial  net-work. 
Some  observers  suppose  that  they  terminate  in  free,  pointed,  or  bnlbons  ends. 
There  is  also  a  fine  plexus  of  fibrils  in  the  posterior  layers  of  the  cornea,  near 
Besoemet's  membrane.  It  gives  off  numerous  fine  fibrils,  which  come  into  inti- 
mate, if  not  direct,  anatomical  relation  with  the  corneal  corpuscles.] 

[Method. — These  fibrils  are  best  revealed  by  staining  a  cornea  with  chloride  of 
gold,  which  stains  them  of  a  purplish  tinge  after  exposure  to  light  (Cohnheim)]. 

The  trophic  fibres  of  the  cornea  (§  347)  are,  perhaps,  those  deeper  branches  which 
are  connected  with  the  corneal  cwpusdes. 

Blood-yeBSels  occur  only  in  the  outer  margin  of  the  cornea  (Fig.  374,  v),  and 
extend  2  mm.  over  the  cornea  above,  1*5  mm.  below,  and  1  mm.  laterally — the 
most  external  capillaries  form  arched  loops,  and  thus  turn  on  themselves.  The 
cornea  is  nourished  from  the  blood-vessels  in  its  margin.  Opacities  of  the  cornea 
give  rise  to  many  forms  of  visual  defects. 

The  sclerotic  is  &  thick,  fibrous  membrane,  composed  of,  p,  circular  (equa- 
torial) and,  o,  longitudinal  (meridional)  bundles  of  connective-tissue,  woven 
to^si^ether.  The  spaces  between  the  bundles  contain  colourless  and  pigmented  con- 
nective-tissue corpuscles  ( Waldeyer)  and  also  leucocytes.  It  is  thickest  posteriorly, 
thinner  at  the  equator,  while  in  front  of  this  it  again  becomes  thicker,  owing  to 
the  insertion  of  the  tendons  of  the  straight  muscles  of  the  eyebalL  It  contains 
few  blood-vessels,  which  form  a  wide-meshed  capillary  plexus,  immediately  under 
its  deep  surface.  Other  vessels  form  an  arterial  ring  around  the  entrance  of  the 
optic  nerve.  It  rarely  is  quite  spherical;  it  rather  resembles  an  ellipsoid,  which 
we  might  imagine  to  be  formed  by  the  rotation  of  an  ellipse  around  its  short  axis 
(short  eyes)  or  around  its  long  axis  (long  eyes).  Above  and  below,  the  sclerotic 
overlaps  like  a  fold  the  clear  margin  of  the  cornea;  hence,  when  the  cornea  ia 
viewed  from  before,  it  appears  transversely  elliptical,  when  seen  from  behind,  it 
appears  circular.  Following  the  margin  of  the  cornea,  but  lying  still  within  the 
substance  of  the  sclerotic,  is  the  circular  canal  qf8c?Uemm,  i,  which  communicates 
with  other  anastomosing  veins,  the  venous  plexus  of  Leber,  k,  Schwalbe  and 
Waldeyer  regard  Schlemm's  canal  as  a  lymphatic.  Posteriorly,  the  sclerotic 
becomes  continuous  with  the  fibrous  covering  of  the  optic  nerve  derived  irom  the 
dura  mater.  The  sclerotic  is  provided  with  nerves,  which  are  said  to  terminate  in 
the  cells  of  the  scleral  substance  (Helfreich,  KiJnigstein). 

The  tnnioa  uvea*  or  the  uveal  tract,  is  composed  of  the  choroid,  the  ciliary 
part  of  the  choroid,  and  the  iris. 

The  choroid  is  composed  of  the  following  layers:—!.  Most  internally  is  the 
transparent  limiting  membrane,  0*7  fi  in  thickness,  but  it  is  slightly  thicker 
anteriorly.  2.  The  very  vascular  capillary  net-work  of  the  chorio-capillaris,  or 
membrane  of  Ruysch,  embedded  in  a  homogeneous  layer.  Then  follows — 3.  A 
layer  of  a  thick  elastic  net-toork,  covered  on  both  surfaces  by  endothelium 
(Sattier).  4.  The  choroid  proper  consists  of  a  layer  with  pigmented  connective-tissue 
corpuscles,  together  witiii  a  thick,  elastic  net-work,  containing  the  numerous 
venous  vessels,  as  well  as  the  arteries.  The  pigmented  layers,  called  the  supra- 
ehoroideaf  or  lamina  fnsca,  which  surrounds  the  large  lymphatic  space  lined  with 
endothelium,  and  called  the  perichoroidal  space,  q.  In  new-bom  infants,  which, 
according  to  Aristotle,  have  the  iris  dark  blue,  the  uveal  tissue  is  devoid  of  pig- 
ment; in  brunettes  it  is  developed  later,  and  in  blondes  not  at  all. 

In  the  oiliuy  part  of  the  choroid,  the  pigmented  connective-tissue  corpuscles 
are  not  so  numerous.  The  ciliary  miucle  (tensor  choroidee^  or  muscle  of  accom- 
modation) is  placed  in  this  region.  It  arises,  s,  by  means  of  a  branched,  reticulated, 
connective-tissue  origin,  from  the  inner  side  of  the  junction  of  the  cornea  and 
sclerotic,  near  the  canal  of  Schlemm,  and  passes  baekwards  to  be  inserted  into 


THE   ISIS  AND  ITS  UUBCi:^. 


the  chonid.  Thli  constitntM 
the  nuliattHg  fibrea.  Other 
fibres  lying  inteRul  to  tbate 
Are  UTUiged  eireuiariy,  t,  in 
bnndlea  in  the  cilUry  margin. 
Then  drcnlar  flbrei  are  loiDe- 
times  called  Heinriafa  MUler's 
muscle.  The  mmole  oonaista 
of  smooth  inuBcnIgir  fibres,  and 
is  supplied  by  the  ocnlomotorios 

The  iris  conaiBts  of  the  fol- 
lowing parts  from  before  ha^' 
warda — k  layer  of  epithelial 
cells  (v)  continuous  with  those 
covering  the  posterior  surfsce 
of  the  oomea,  a  layer  of  rati- 
dilated  cODneotive-tissne,  the 
lajer  of  blood  venels,  niid 
lastly  a  pogtenor  hmiting 
membTajie  which  contains  tlie 
pigmealary  epithehont  (z) 
{Michel)  In  brunettes  tile 
texture  of 
jogmented 
GoTpuacles.  The  ins  oontains 
two  musolet  cotnpoMd  of 
■mooth  moMolar  Abrea— cue 
set  constituting  the  qtAteeter 
pupUla  (oircnlar  —  Rg.  S8T), 
which  surrounds  the  pn^ol,  and 
lies  nearer  the  posterior  than 
the  anterior  surface  of  tike  tm. 
Its  nerre  of  supply  is  derived 
from  the  ocnlomotorius  (S  345, 
S).  The  other  fibiea  oonsti- 
tate  the  dilator pvpiUttitadiMi- 
inc),  wUchooD*^  of  a  thinner 
layer  of  fibres  arranged  in  a 
nidiate  manner.  Some  of  the 
fibres  rcsrch  to  the  margin  of 
the  pnpil,  while  othen  bend 
into  the  sphincter.  At  the 
enter  margin  of  the  iris,  the 
radial  bundles  are  arranged  in 
amMtomoaing  arches,  and  form 
a  circular  muscular  layer 
(Merkel).  The  chief  nerve  of 
supply  for  the  dilator  fibres  is 
the  sympathetic  {$  347,  3). 
Oaiiglia  occur  in  the  ciliary 
nerves  in  the  choroid  [and  they 
are  found  also  In  the  iris]. 
Gerlach  has  recenUy^iplied  the 
term  ligamattuM  tuumiare  bxlbi 


Rg.  S74. 

Diagnunmatic  rapresontation  of  ths  blood. 

vesaele  of  the  eye,  according  to  Leber. 

Horizontal  view,  veins  blaolc,  arteries  light,  and 
with  a  double  oontonr — a,  a,  short  posterior 
dliary;  b,  long  posterior  otUary;  t,  &,  anterior 
<dliaiy,  artery,  and  vnn;  d,  d',  artery  and  vein 
of  the  conjunctiva;  e,  i,  central  artery  and 
vein  of  retina ;  /,  blood-vesaels  of  the  inner,  and 
g,  of  the  outer  optio  sheath;  A,  vortiooee  veiu ; 
i,  poeterior  short  ciliary  vwn  confined  to  the 
sclerotic ;  k,  Inanch  of  the  poeterior  short  ciliary 
artery  to  the  optio  nerve;  I,  snastomosis  of  the 
choroidsl  vessels  with  those  of  the  optic;  tn, 
choriocapillaris;  n,  episcleral  brandhes;  o,  re- 
current choroidal  artery;  p,  great  circular 
artery  of  iris  (transverse  seotion);  q,  blood- 
vessels of  the  iris;  r,  ciliary  process;  «,  branch 
of  a  vorticose  vein  from  the  ciliary  muscle ;  t, 
branch  of  the  anterior  ciliary  vein  to  the  ciliary 
muscle ;  «,  circular  vein ;  v,  mai^iinal  loops  of 
venels  on  the  eomea ;  to,  anterior  artery  and 
vein  of  the  conjunotiva. 


960  THE  BLOOD-VESSELS  OF  THE  EYEBALL. 

to  that  complex  fibrons  arrangement  which  Barronnds  the  iris,  and  at  the  same 
time  forms  the  point  of  union  of  the  ciliary  body,  iris,  ciliary  mnsole,  sinns 
venoens  iridis,  and  the  line  of  junction  of  the  cornea  and  sclerotic. 

The  ohoroldal  vessels  are  of  great  importance  in  connection  with  the  nutrition 
of  the  eye.  According  to  Leber,  they  are  arranged  as  follows :— The  arteries  Are 
1.  The  short  posterior  ciliary  (Fig.  374,  a,  a),  which  are  abont  20  in  nnmber,  and 
perforate  the  sclerotic  near  the  optic  nerve.  They  terminate  in  the  vascular  net- 
work of  the  choriocapillaris  (m),  which  reeushes  as  far  as  the  ora  serrata.  2.  The 
long  posterior  ciliary,  one  lies  on  the  nasal,  and  the  other  on  the  temporal  side,  and 
they  nm  (6)  to  the  ciliary  part  of  the  choroid,  where  they  divide  dichotomoosly, 
and  penetrate  into  the  iris,  where  they  help  to  form  the  circulos  arteriosus  iridis 
major  (p).  3.  The  anterior  ciliary  (e)«  which  arise  from  the  muscular  branches, 
perforate  the  sclerotic  anteriorly,  and  give  branches  to  the  ciliary  part  of  the 
choroid,  and  to  the  iris.  About  12  branches  run  backwards  (o)  fix>m  them  to  the 
choriocapillaris. 

The  YeillS. — !•  The  anterior  ciliary  veins  (e)  receive  the  blood  from  the 
anterior  part  of  the  uvea,  and  carry  it  outwards.  These  branches  are  connected 
with  Schlemm's  canal  and  Leber's  venous  plexus.  They  do  not  receive  any  blood 
from  the  iris.  2.  The  venous  plexus  of  the  ciliary  processes  (r)  receives  the  blood 
from  the  iris  (g),  and  passes  backwards  to  the  choroidal  veins.  3.  The  large  vasa 
vorticosa  Stenonis  {h)  perforate  the  sclerotic  behind  the  equator  of  the  bulb. 

The  inner  margin  of  the  iris  rests  upon  the  anterior  surface  of  the  lens;  the 
posterior  chamber  is  small  in  adults,  and  in  the  new-bom  child  it  may  be  said 
scarcely  to  exist,  it  is  so  smalL  When  Berlin  blue  is  injected  into  the  anterior 
chamber  of  the  eye,  it  generally  passes  into  the  anterior  ciliary  veins  (Schwalbe). 
Even  in  living  animals  carmin  iJso  behaves  in  a  similar  manner  (Heisrath),  so  that 
these  observers  conclude  that  there  is  a  direct  communication  between  the  veins 
and  the  aqueous  chamber,  as  these  substances  do  not  diffuse  through  membranes. 

Internal  to  the  choroid  lies  the  single  layer  of  hexagonal  cells  (0*0135-^'02  mm. 
in  breadth)  fiUed  with  crystalline  pigment.  This  layer  really  belongs  to  the  retina. 
It  consists  of  a  single  layer  of  cells  as  far  as  the  ora  serrata — ^it  is  continued  on  to 
the  ciliary  processes  and  the  posterior  suriace  of  the  iris  (Fig.  373,  x\  where  it 
forms  several  layers.  In  albinos  it  is  devoid  of  pigment;  on  the  other  hand,  the 
uppermost  cells,  which  lie  on  the  ridges  of  the  ciliary  processes,  are  always  devoid 
of  pigment. 

The  retina  externally  is  in  contact  with  the  layer  of  hexagonal  pigment  cells 
{Pi),  which,  in  its  development  and  functions,  really  belongs  to  the  retina.  The 
ceUs  are  not  flat,  but  they  send  pigmented  processes  into  the  spaces  between  the 
ends  of  the  rods.  In  some  animals  (rabbit)  the  cells  contain  fatty  granules  and 
other  substances.  The  cells  are  larger  and  darker  at  the  ora  serrata  (Kfihne). 
The  retina  is  composed  of  the  following  layers,  proceeding  fix>m  without  inwards: — 

[1.  Layer  of  pigment  cells. 

2.  Hods  and  cones. 

(External  linuting  membrane.) 

3.  Outer  nuclear  layer. 

4.  Outer  molecular,  granular  (intemuclear)  layer. 
6.  Inner  nuclesr  layer. 

6.  Inner  molecular  (granular)  layer. 

7.  Layer  of  uerve-cells  (ganglionic)  layer. 

8.  Layer  of  nerve-fibres.] 

f  Internal  limittTig  membrane,  J 

1.  The  hexagonal  pigment  ceUe  already  described.  2.  The  layer  of  rode  and  cone» 
(St)  or  neuro-epUhdium  of  Schwalbe  [bacUlary  layer,  or  the  vieual  ceUe,  or  visual 
epithelium  of  KUhne]  (Fig.  375).  These  lie  extenudly  next  the  choroid,  but  they  are 
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absent  at  the  entrance  of  the  optic  nerve.  Then  follows  the  external  Umiling 
membrane  (Le),  which  is  perforated  by  the  bases  of  the  rods  and  cones* 
3.  The  external  nuclear  layer  (<&u,K),  which,  with  all  the  succeeding  layers, 
are  called  ''brain  layers"  hy  Schwalbe.  4.  The  external  granular  (du 
ffr),  or  intemuclear  layer,  which  is  perforated  by  the  fibres  which  proceed 
inwards  from  the  nuclei  of  3  (Merkel)  to  reach  5,  the  nuclei  of  the  internal 
nuclear  layer  (inK),  The  nuclei  of  this  layer,  which  are  connected  by 
fibres  with  the  rods  and  cones,  are  marked  by  transverse  lines  in  the  macula  lutea^ 
(Ej*ause,  Benissenko).  6.  The  finely  granular  internal  granular  layer  {in.gr)y 
through  which  the  fibres  proceeding  from  the  inner  nuclear  layer  cannot  be  traced. 
It  would  seem  as  if  these  fibres  break  up  into  the  finest  fibrils,  into  which  also  th& 
branched  processes  of  the  ganglionic  cells  of  7,  the  ganglionic  layer,  extend. 
According  to  v.  Vintschgau,  the  processes  of  the  ganglionic  ceUs  are  connected 
with  the  fibres.  8.  The  next,  or  fibrous  layer,  consists  of  the  fibres  of  the  optic 
nerve  (o),  and,  most  internally,  is  the  internal  limiting  membrane  (Li),  Accord- 
ing to  W.  Krause,  there  are  400,000  broad,  and  as  many  narrow,  optic  fibres,  sa 
that,  for  every  fibre,  there  are  7  cones,  about  100  rods,  and  7  pigment  cells.  The 
optic  fibres  are  absent  from  the  macula  lutea,  where,  however,  there  are  numerous 
ganglionic  cells.  Between  the  two  homogeneous  limiting  membranes  {Le  and  Liy 
lies  the  connective-tissue  substance  of  the  retina.  It  contains  the  perforating  fibres, 
or  Hiiller's  fibres,  which  run  in  a  radiate  manner  between  the  two  membranea 
and  hold  the  various  layers  of  the  retina  together.  They  begin  by  a  wing-shaped 
expansion  at  the  internal  limiting  membrane  {Bk),  and  in  their  course  outwards 
contain  nuclei  {k).  They  are  absent  at  the  yellow  spot.  The  supporting  tissue 
forms  a  net-work  in  all  the  layers,  holes  being  left  for  the  nervous  portiona 
{Sg).  The  inner  segments  of  the  rods  and  cones  are  also  surrounded  by  a  susten- 
tacular  substance.  As  the  retina  passes  forward  to  the  ora  serrata  it  beoomea 
thinner  and  thinner,  gradually  becoming  richer  in  connective-tissue  elements  and 
poorer  in  nerve  elements,  until,  in  the  ciliary  part,  only  the  cylindrical  cells 
remain. 

[Maonla  Lutea  and  Fovea  Centralis.— There  are  no  rods  in  the  fovea,  while 
the  cones  are  longer  and  narrower  than  in  the  other  parts  of  the  retina.  The  other 
layers  also  are  thinner,  especially  at  the  macula  lutea,  but  they  become  thicker 
towards  the  margins  of  the  fovea,  where  the  ganglionic  layer  consists  of  several 
rows  of  bipolar  ceUs.  The  yellow  tint  is  due  to  pigment  lying  between  the  layera 
composing  the  yellow  spot.] 

The  blood-vessels  of  the  retina  lie  in  the  inner  layers  near  the  inner  granular 
layer.  Only  near  the  entrance  of  the  optic  nerve  are  they  connected  by  fine 
branches  with  the  choroidal  vessels;  they  are  surrounded  by  perivascular  Ijrmph 
spaces.  The  greatest  number  of  capillaries  runs  in  the  layers  external  to  the 
inner  granular  layer  (Hesse,  His).  The  fovea  centralis  is  devoid  of  blood- vessels 
(Nettleship,  Becker).  Except  in  mammals,  the  eel  (Denissenko),  and  some 
tortoises  (H.  MUUer),  the  retina  receives  no  blood-vessels.  Destruction  of  the. 
retina  is  followed  by  blindness. 

[Betinal  Epithelinm. — ^The  single  layer  of  pigmentary  cells  containing  granules 
of  melanin  sends  processes  downwards,  like  the  hairs  of  a  brush,  between  the  rods 
and  cones.  Kiihne  has  shown  that  the  nature  and  amount  of  light  influences  the 
condition  of  these  processes.  The  protoplasm  of  these  cells  in  a  frog,  kept  for 
several  hours  in  the  dark,  is  retracted,  and  the  pigment  granules  lie  chiefly  in  the 
body  of  the  cell  and  in  the  processes  near  the  cell.  In  a  frog  kept  in  bright  day- 
light, the  processes  loaded  with  pigment  penetrate  downwards  between  the  rods 
and  cones  as  far  as  the  external  limiting  membrane.] 

Each  rod  and  cone  consists  of  an  outer  and  an  inner  segment.  During  life,  the 
outer  segment  contains  a  reddish  pigment  (Boll). 

Yisaal  pnrple  [or  rhodopsin]  may  be  preserved  by  keeping  the  eye  in 
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I,  but  it  is  aooa  UeMk«d  by  dAylight ;  while  It  ia  agaLi  natored  vfaM 
lite  aye  ia  placed  ia  darkuea^  It  otiu  be  eztncted  from  the  letina  by  moana  of  a 
35 per oent.  aoLalloa of  Hbe  bile adda,  eapeci- 
ally  from  eyea  that  havB  been  kept  ia.  10  pv 
cent,  solution  of  common  tah  (Ayree).  The 
cods  aro  004-0-06  mm.  high  and  O-OOIS-O-OOIS 
mm.  broad,  and  exhibit  longitadinal  ttriatiou, 
produced  by  the  pieecnoe  of  fine  grooToa ;  » 
fine  fibril  ran«  in  Uieir  interioc  (BJttot).  The 
external  aegment  oocMimally  oleaves  tnua- 
venely  into  a  nomber  of  fine  tranipirent  diac*. 
[It  ia  a  Tsry  reoistaot  atmotun,  and  in  thia 
reipeot  reaemblea  nenro  -  keraldn.]  Tf !•»"«» 
fbnnd  an  eUipaoidal  body,  the  "  rod  ellipaoid," 


of  the  roda.    The  o 

parple,  but  their  oqteraegmant  ia  atii«tod  loBj^- 
tndinally,  and  it  atao  readily  bteaka  acaxoa  into 
thin  diaca.  Only  conea  are  preaant  in  tlM 
macnla  Intea.  In  the  neighbourhood  of  tiie 
yellow  spot,  each  cone  ia  antronnded  by  »  ring 
of  roda.  The  oonea  become  leaa  nnmeroua 
towards  the  periphery  of  the  letim.  In 
noctnnial  aninmla,  laoh  aa  tha  owl  and  bat, 
there  are  either  no  conea  or  imperfect  an«a. 
The  retinae  of  birda  contnin  many  conee  ;  that 
of  the  tortoiae  only  conea.  Tlie  rod*  and  conea 
reat  on  the  sieve-like  perforated  ezteznal 
limiting  membrane  (Lt).  Both  aand  proceaaea 
through  the  membrane,  tlie  conea  to  the  larger 
and  higher-placed  nuclei,  the  roda  to  the 
nuclei  with  bansverae  morkinga,  in  the  ex- 
ternal naclear  layer.  [The  oonea  are  parUoa- 
larly  large  in  aome  fiahaa,  e^.,  the  ood,  while 
the  akate  baa  do  ocoea,  hat  only  (oda.  Tba 
the  case  in  Uie  ibark  and  atnrgeon, 
gonal  pigmeot  cella;  St,"^  hedgehog  U^  and  the  molc^] 
and  cones;  Lt  eit  limiting  [Di>tnbutioii  and  B«gweration  of 
membrane  ;  a«.K,  external  BhodOpBin.-Keep  a  rabbit  in  the  dark  for 
nuclear  layer  ;  Hu-tr.  ext.  "^\  *^  ^.  \'^«^'  |«  V'^"^  »^ 
granular  Uyer;  iiiK,  internal  ««T*  '"  "*»«JT  ^l*^  <^  monochr* 
I  ■  •  1.  I         matic    (sodiom)   lisbt,      Tha   retina  will  be 

nnclear;    m.gr,    mt.  granular;    ™'"°    l««"iim,    uguh        xua    nmu  wiu    ov 

Ogl,  ganglionic  nen-e-cells;  a,    pwple-red  m  colour,   aU   except  the  maeuk 

fibres  of  optic  nerve,  with  their    Jntea  "id  a  small  part  at  the  oraawata.    The 

proooBset,   !^;   Li.  int  limit.    PW^out  is  confined  to  the  o<iier  ae^MMO  (^ 

membrane;      Sk.     fibres     of    ^"^-     It »  abeent  in  pigeoM,  hen^  and  one 

MaUor;  K.  nuclei;  Eg,  spacea    ^^   althouffh  the  last  haa  only  rods.    It  la 

for  the  nervous  elementa.  '"■^'^  *»*''  "  i""*™*!  «"!  dinnial  animals. 

Its  colour  is  quickly  bleached  by  light,  and  it 

&dea  rqtidly  at  a  temperature  of  SO-TS'C,  while  trypsin,  alnm,  and  ammonia  do 

not  affect  it.     It  is  restored  in  the  retina  b;  the  action  of  the  retinal  epithelinot. 

If  the  retinal  epithelium  or  choroid  be  lifted  off  from  on  eiiuaed  eye  exposed  to 

light,  the  purple  ia  deatroyed,  but  if  the  ejre  be  placed  in  darkness  and  the  retinal 

«pitheliam  replaced,  the  colour  is  revtored.  ] 

fihatniatry  of  tlifl  BetilUk^rhe  reaotioii  of  the  retina,  when  quite  fixaJi,  la 


rig.S76. 
Layers  of  the  retina— i**,  hexa- 
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scid,  and  becomei  alksline  id  darkness.  The  rods  and  cones  contain  albumin, 
nenro-keratiii,  imcleiQ,  and  in  the  cones  ore  the  pigmented  ail  globules,  the  «o- 
-called  "  eiiromophana."  The  other  layers  contain  the  constitaeiiti  of  the  grey 
nutter  of  the  brtUD. 

[Cones- — There  is  no  colouring  matter  in  the  onter  segment  of  the  cones,  but  in 
fishes,  reptiles,  and  birds  the  inner  segment  contains  a  globular  coloured  body 
«ften  red  and  yellow,  the  pigment  being  held  in  eolation  by  a  &tty  bodj'. 
Euhne  has  separated  a  green  idUort^hane),  a  yellow  (xnn/AopAonc),  and  a  red 
(Thodophaae)  pigment.  They  all  give  a  bine  with  iodine  (Schwalbe),  and  are 
bleached  by  ligbt  ]  ' 

The  OiystiLllioo  loBI  i>  enclosed  in  a  transparent  capsnle,  thicker  aiitetiorljr 
than  posteriorly,  and  it  is  covered  on  the  inner  surface  of  tJie  anterior  wall  by 
a  layer  of  low  epithelium.  Towards  the  margin  of  the  lena,  these  cells  elongate 
into  nnoleated  fibres  (Robinski),  trhich  all  bead  round  the  margin  of  the  lens,  and 
on  both  sides  of  the  lens  abut  with  their  ends  against  each  of  the  triradiate 
figures. 

The  tens  fibres  contain  globulin  enolosed  in  •  kind  of  membrane.     Owii^  to 
mutual  pressure,  they  are  hexagonal  when  seen 
in  tronaverse  section  (Fig.  376,  2],  while  in  many 
animals,   especially  fishes,   their   margins   ore 
serrated,  [the  teeth  dovetail  into  each  other]. 

For  the  sake  of  simplicity,  we  may  regard 
the  lens  as  a  biconvex  body  with  spherical  sur- 
faces, the  posterior  surface  being  more  curved. 
As  a  matter  of  fact,  the  anterior  part  is  part  of 
an  ellipsoid,  formed  by  rotation  on  its  short 
axis.  The  posterior  surface  resembles  the  sec- 
tion of  a  paraboloid,  i.e.,  we  might  regard  it  as 
formed  by  the  rotation  of  a  parabola  on  its  axis 
(Brflcke).  The  enter  layers  of  the  lens  have  less 
refractive  power  than  the  more  internal  layen. 
The  central  part  of  the  lens  [or  uuclens]  ia,  at 
the  same  time,  firmer,  and  mora  convex  than 
the  entire  lens.  The  margin  of  the  lens  is 
always  separated  from  the  ofliary  processes  by 
an  intermediate  space. 

[dlenUBtry. — '^b  iens  contains  about  two- 
thirds  of  its  wmgbt  of  water,  while  its  chief 

solid  is  a  globulin,  called  by  Berzelius  crgalallin  Fig,  3Td. 

(24-8  per  cent.),  with  a.  little  serum-albumin,  i_  Fibres  of  the  lens ;  2,  trMS- 
aalts,  cholesterin,  aud  fats.]  ygrse  sections  of  the  lens  fibres. 

ICatanU)t.~^i<i^"'Ba  the  lens  becomes 
more  or  less  opaque,  the  opaci^  beginning  either  in  the  middle  or  outer  parts 
of  the  lens.  This  is  generally  due  to  fatty  degeneration  of  the  fibres,  cholesterin 
being  depouted.  Aa  opaque  cataraotous  condition  of  the  leus  may  be  ptodnced 
in  ftogs  by  injecting  a  solution  of  some  salts  or  sugar  into  the  lymph  sacs ;  the 
result  is  that  these  salts  absorb  the  water  from  the  lens,  and  thus  make  it  opaque. 
The  cataract  of  diabetes  is  probably  produced  from  the  preeence  of  gnpe-aogor 
in  the  blood.] 

The  lonnle  of  Zinn,  at  the  on  eerrato,  is  applied  as  a  folded  membrane  to  the 
ciliary  port  of  the  nvea,  so  that  the  ciliary  processes  are  pressed  into  its  folds,  and 
are  united  to  it.  It  passes  to  the  margins  of  the  lens,  where  it  is  inserted  by  a 
senMof  folds  into  the  orterior  port  of  the  capsule  of  the  lens.  Behindthesonnleof 
Zinn,  and  reaching  as  far  as  the  vitreons  humoor,  is  the  earud  tff  PelU.  The 
zonule  is  a  fibrous  perforated  membrane  (Schwalbe,  Vlaoovitsch).     According  to 

29 


964 


THE  VTTREOUa  HUMOUR. 


Merice),  the  ernal  «f  Petit  ii  racloMd  hj  rer;  fine  fibre*,  m  ttut  it  is  reallj  not  * 
canal,  bnt  m  complex  commiinicatuig  sytMin  of  spue*  (GerUcb).  NererthelcM, 
tbe  zonule  repreeente  ■  ttretahed  taembrane,  holding  the  leua  in  poaition,  and  maj, 
therefore,  be  ref^ded  aa  the  mi»pentory  ligament  of  the  lens. 

Opacity  or  clondineu  of  the  lens  [grej  cataract)  hinders  the  pMsage  of  light 
into  the  eye.  The  absence  of  the  lens  (^Aphaiia),  as  after  operationi  for  cataract, 
may  be  ramedied  by  a  pair  of  strong  oonvez  spectacles.  Of  cotrne,  saoh  an  eyo 
does  not  possess  the  power  of  aocommodation. 

The  vitreous  ImmOaT,  sa  far  a«  the  ora  serrata,  is  bonnded  by  the  btemal 
limiting  membrane  of  the  retina  (Henle,  Iwonoff).  From  here  forwards,  lying 
between  both,  are  the  meredional  tibrea  of  the  lonole,  which  are  nnited  with  the 
anrfttce  of  the  vitreons  and  the  ciliary  processes.  A  part  of  the  fibrooa  layer  bends 
into  the  sanceT'Shaped  de^^ssion,  and  boonds  it.  A  canal,  2  mm.  in  diameter, 
nins  from  the  optie  pajdlla  to  the  posterior  tnr&ee  of  the  capsule  of  the  lena,  it  ia 
called  the  hgaloid  ctuttU,  and  was  formerly  traversed  by  blood-veseels.  The 
periliberal  part  of  the  vitreous  homonr  is  Uminsted  like  an  onion,  the  middle  is 


Fig.  877. 
Horizontal  sectioo  through  the  optic  nerve  at  its  entrance  into  the  eye, 

and  thiongh  the  coatB  of  the  ey& 
a.  Inner,  5,  enter  layers  of  the  retina ;  e,  choroid ;  d,  sclerotic ;   «,  physiological 
cup; /,  central  artery  of  retina  in  axial  canal;  |7,  its  point  of  biforcation ;  A, 
lamina  cribrosa;  t,  outer  (dural)  sheath;  m,  onter  [rabdaral)  space;  n,  inner 
(snbarachnoid)  space;  r,  middle  (amcbnoid)  sheath;  p,  inner  (pial)  sheath; 
t,  bandies  of  nerve-fibrBS;  t,  longitudinal  septa  of  connective-tissae. 
homogeneous;   in  the  former,   especially  in  the  fcetos,   are  roond  Aisifoim   or 
branched  cells  of  the  mncous  tissae  of  the  vitreous,  while  in  the  centre  there  aie 
disintegrated  reiaains  of  these  cells  (IwanofT).     The  vitreoa*  contains  a  very  small 
peroentege  of  solids,  and  I'G  per  cent,  of  mucin,  [and,  according  to  Picard,  there 
is  0*6  per  cent  of  ore*,  and  about  '75  of  sodio  chloride]. 
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[Structure* — The  vitreous  oonsists  essentiaUy  of  mucous  tisaiu/t^  in  whose 
meshes  lies  a  very  wateiy  fluid  oontaining  the  organic  and  inorganic  bodies  in 
solution.  According  to  Yonnan,  the  vitreous  contains  two  types  of  cells— (1) 
aTnosbmd  cells  of  various  shapes  and  sizes.  They  lie  on  the  inner  surface  of  the 
lining  hyaloid  membrane,  and  the  other  membranes  in  the  cortex  of  the  vitreous; 
(2)  large  hra/nchmg  multipolar  cells.  The  vitreous  is  permeated  by  a  large  number 
of  transparent,  dear,  homogeneous  hyafcid  membraMes,  which  are  so  disposed  as  to 
give  rise  to  a  concentric  lamination.  The  eancU  o/StiUing  represents  in  the  adult 
the  situation  of  the  hyaloid  artery  of  the  foetus.  It  can  readily  be  iigected  by  a 
coloured  fluid.  In  preparations  of  the  vitreous,  Younan  finds  fibres  not  unlike 
elastic  fibres,  and  other  fibres  more  especially  after  staining  with  chloride  of  gold, 
but  as  yet  he  cannot  say  that  the  latter  fibres  are  nervous  in  their  characters.] 

The  lymphatics  of  the  eye  consist  of  an  anterior  and  a  posterior  set  (Schwalbe). 
The  anterior  consist  of  the  anterior  and  posterior  chambers  of  the  eye  (aqueous), 
which  communicate  with  the  lymphatics  of  the  iris,  ciliary  processes,  cornea,  and 
ooiyunctiva. 

The  posterior  consist  of  the  perichoroideal  space  between  the  sclerotic  and  the 
choroid  (Schwalbe).  This  space  is  connected  by  means  of  the  perivascular 
lymphatics  around  the  trunks  of  the  vasa  vortioosa,  with  the  large  lymph-space  of 
Tenon,  which  lies  between  the  sclerotic  and  Tenon's  capsule  (Schwalbe). 
Posteriorly  this  is  continued  into  a  lymph-channel,  which  invests  the  surface  of  the 
optic  nerve;  while  anteriorly  it  communicates  directiy  with  the  sub-conjunctival 
lymph-spaces  of  the  eyeball  (G^lach).  The  optic  nerve  has  three  sheaths — 1,  the 
dural ;  2,  the  arachnoid ;  and  3;  the  pud  sheath,  derived  from  the  corresponding 
membranes  of  the  brain.  Two  lymph-spaces  lie  between  these  three  sheaths— the 
subdural  si>ace  between  1  and  2,  and  the  subarachnoid  space  between  2  and  3 
(Fig.  377).  Both  spaces  are  lined  by  endothelium;  and  the  fine  trabeculae  passing 
from  one  wall  to  the  other  are  similarly  covered.  According  to  Axel  Key  and 
Retdus,  these  lymph-spaces  conmiunicate  anteriorly  with  the  perichorideal  space. 

The  aqueous  humour  closely  resembles  the  cerebrospinal  fluid,  and  contains 
albumin  and  sugar ;  the  former  is  increased,  and  the  latter  disappears  after  death. 
The  same  occurs  in  the  vitreous.  The  albumin  increases  when  the  difierenoe 
between  the  blood-pressure  and  the  intraocular  pressure  rises.  Such  variations 
of  pressure,  and  also  intense  stimuli  applied  to  the  eye  cause  the  production  of 
fibrin  in  the  anterior  chamber  (Jesner  and  Grilnhagen). 

Intraocnlcur  Pressure. —The  cavity  of  the  bulb  is  practically  filled  with 
watery  fluids,  which,  during  life,  are  constantly  subjected  to  a  certain  pressure, 
the  "intraocular  pressure."  Ultimately,  this  depends  upon  the  blood-pressure 
within  the  arteries  of  the  retina  and  uvea,  and  must  rise  and  faU  with  it  The 
pressure  is  determined  by  pressing  upon  the  eyeball,  and  ascertaining  whether  it 
is  tense,  or  soft  and  compressible.  Just  as  in  the  case  of  the  arterial  pressure,  the 
intraocular  pressure  is  influenced  by  many  circumstances;  it  is  increased  at  every 
pulse-beat  and  at  every  expiration,  while  it  is  decreased  during  inspiration.  The 
elastic  tension  of  the  sclerotic  and  cornea  regulates  the  increase  of  the  arterial 
pressure,  by  acting  like  the  air-chamber  in  a  fire-engine;  thus,  when  more  arterial 
blood  is  pumped  into  the  eyeball,  more  venous  blood  is  also  expelled.  The  con-, 
stancy  of  the  intraocular  pressure  is  also  influenced  by  the  fact  that,  just  as  the 
aqueous  humour  is  removed  it  is  secreted,  or  rather  formed,  as  rapidly  as  it  is 
absorbed  (§  302). 

The  Becretion  of  the  aqueous  humour  occurs  pretty  rapidly,  as  may  be 
surmised  from  the  fact  that  hannoglobin  is  found  in  the  aqueous  humour  half  an 
hour  after  dissolved  blood  (lamb's)  is  injected  into  the  blood-vessels  of  a  dog.  It 
is  rapidly  reformed,  after  evacuation,  through  a  wound  in  the  cornea.  According 
to  Kniee,  the  watery  fluid  witiiin  the  eyeball  is  secreted,  especially  from  the 
riB,  and  icaohes  the  snpcaohoroidal  space,  in  the  lymph-sheaths  of 
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the  optic  nerve,  and  partly  throngli  the  net-work  of  the  sclerotic.  It  flatnrateB 
the  retina,  vitreous,  lens,  and  for  the  most  part  passes  through  the  zonula  ciliariB 
into  the  posterior  chamber,  and  through  the  pupil  into  the  anterior  chamber.  The 
movements  of  the  fluid  within  the  eyebaU  have  been  recently  studied  by  Ehrlicb, 
who  used^iiore^n,  an  indifferent  substance,  which,  on  being  introduced  into  the 
body,  passes  into  the  fluids  of  the  eyeball,  and,  in  a  very  dilate  solution,  may  be 
recognised  by  its  green  fluorescence  in  reflected  light.  From  observations  on  the 
entrance  of  this  substance  into  the  eye,  SchOler  and  Uhthoff  regard  the  posterior 
surface  of  the  iris,  and  the  ciliary  body  as  the  secretory  organs  for  the  aqueous 
humour.  It  passes  through  the  pupil  into  the  anterior  chamber,  some  passes  into 
the  lens,  and  along  the  canal  of  Petit  into  the  vitreous  humour  (Pflfiger).  Section 
of  the  cervical  sympathetic,  and  still  more  of  the  trigeminus,  accelerates  the  secre- 
tion of  the  aqueous,  but  its  amount  is  diminished.  If  the  substance  is  dropped 
into  the  conjunctival  sac  it  percolates  towards  the  centre  of  the  cornea,  and 
through  the  latter  into  the  anterior  chamber  (Pfliiger). 

The  outflow  o^  ^0  aqueous  humour,  according  to  Leber  and  Heisrath,  takes 
place  chiefly  between  the  meshes  of  the  ligamentum  pectinatum  iridis  (Fig. 
373,  m,  m),  through  which  it  passes  into  the  channels  of  the  circulus  venosus,  and 
the  canal  of  Schlemm  (i,  k),  A  very  small  part  of  the  aqueous  passes  through  the 
cornea  into  the  sub-conjunctival  connective-tissue,  and  even  into  the  conjunctival 
sac.  After  burning  the  limbus  comese  with  a  hot  needle,  this  outflow  is  arrested, 
the  eyeball  becomes  very  hard,  so  that  the  intrabulbar  vessels  are  subjected  to 
high  pressure  (SchiJler).  Perhaps  there  is  a  direct  communication  between  the 
anterior  ciliary  veins  and  the  anterior  chamber  (p.  960).  None  of  the  water  is 
conducted  from  the  eyeball  by  any  special  efferent  lymphatics  (Leber).  Under 
normal  circumstances,  the  pressure  is  nearly  the  same  in  the  vitreous  and  aqueous 
chambers,  but  atropin  seems  to  diminish  the  pressure  in  the  former,  and  to  in- 
crease it  in  the  latter,  whilst  Calabar  bean  has  an  opposite  action  (Ad.  Weber). 
Arrest  of  the  outflow  of  the  venous  blood  often  increases  the  pressure  in  the 
vitreous,  and  diminishes  that  in  the  aqueous  chamber.  Compression  of  the  bulb 
from  without  causes  more  fluid  to  pass  out  of  the  eye,  temporarily,  than  enters  it 
The  diminution  of  the  intraocular  pressure  is  well-marked  after  section  of  the 
trigeminus,  while  it  rises  when  this  nerve  is  stimulated.  The  statements  vary 
regarding  the  effect  of  the  sympathetic  nerve  upon  the  pressure.  Interruption  to 
the  venous  outflow  increases  the  pressure,  while  an  imperfect  supply  of  blood,  the 
outflow  being  normal,  diminishes  the  pressure.  The  innervation  of  the  blood- 
vessels of  the  eye  is  referred  to  at  §  347. 

385.  Dioptric  Observations. 

The  eye  as  an  optical  instrument  is  comparable  to  a  camera  obscura;  in  both  an 
inverted  diminished  image  of  the  objects  of  the  external  world  is  formed  upon  a 
back-ground,  the  field  of  projection.  [In  the  case  of  the  eye  this  is  represented  by 
the  retina.]  Instead  of  the  single  lens  of  the  camera,  the  eye  has  several  refractive 
media  placed  behind  each  other — cornea,  aqueous  humour,  lens  (whose  individual 
parts— capsule,  cortical  layers,  and  nucleus,  all  possess  different  refractive  indices), 
and  vitreous  humour.  Every  two  of  these  adjacent  media  are  bounded  by  a  "re- 
fractive  surface"  which  may  be  regarded  as  spherical.  The  field  of  projection  of 
the  eye  is  the  retina,  which  is  coloured  with  the  visual  purple  (BoU,  Kiihne).  As 
this  substance  is  bleached  chemically  by  the  direct  action  of  light,  so  that  the 
pictures  may  be  temporarily  fixed  upon  tiie  retina,  the  comparison  of  the  eye  with 
the  camera  of  the  photographer  becomes  more  striking.  In  order  that  the  passage 
of  the  rays  of  light  through  the  media  of  the  eye  may  be  rightly  understood,  we 
must  know  the  following  factors  :~1.  The  refiractive  indioei  of  all  the  media.    2, 
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The  form  of  the  refractive  surfaces.    3.  The  distance  of  the  varions  media  from 
each  other  and  from  the  field  of  projection  [retina]. 

Action  of  a  Converging  Lens* — ^^  must  know  how  a  convex  lens  acts  upon 
light.  In  a  convex  lens  we  distinguish  the  centre  of  curvature  (Fig.  378, 1,  m,  mi), 
i.e.,  the  centre  of  both  spherical  sur£hces.  The  line  connecting  both  is  called  the 
chitfazia;  the  centre  of  this  line  is  the  optical  centre  of  the  lens  (o).  All  rays 
which  pass  through  the  optical  centre  of  the  lens  pass  through  unbent  or  without 
being  refracted ;  they  are  called  the  chief  or  principal  rays  (n,  ni).  The  following 
are  the  laws  regulating  the  action  of  a  convex  lens  upon  rays  of  light  :— 

1.  Rays  which  fall  upon  the  lens,  parallel  with  the  principal  axis  (11,/,  a),  are 
so  refracted  that  they  are  collected  on  the  other  side  of  the  lens,  at  a  point  called 
the  focus  or  principal  focus  (/).  The  distance  of  this  point  from  the  central  point 
(o)  of  the  lens,  is  called  the  focal  distance  (/,  o)  of  the  lens.  The  converse  of  this 
condition  is  evident,  viz.,  rays  which  diverge  from  a  focus  and  reach  the  lens  pass 
through  it  to  the  other  side,  parallel  with  the  principal  axis,  without  again  coming 
together. 

2.  Rays  of  light  proceeding  from  a  source  of  light  (IV,  l)  in  the  prolonged 
principal  axis,  but  beyond  the  focal  point  (/),  again  converge  to  a  point  on  the 
other  side  of  the  lens.  The  following  cases  may  occur :— (a)  When  the  distance  of 
the  light  from  the  lens  is  equal  to  twice  the  focal  distance,  the  focus  or  point  of 
convergence  lies  at  the  same  distance  on  the  other  side  of  the  lens,  t.e.,  twice  the 
focal  distance.  (6)  If  the  luminous  point  be  moved  nearer  to  the  focus,  then  the 
focal  point  is  moved  further  away,  (c)  If  the  light  is  still  further  from  the 
lens  than  twice  the  focal  distance,  then  the  focal  point  comes  correspondingly  near 
to  the  lens. 

3.  Rays  proceeding  from  a  point  of  the  chief  axis  (III,  b)  within  the  focal  dis- 
tance pass  out  at  the  other  side,  less  diveri(ent,  but  do  not  come  to  a  focus  again. 


Fig.  37a 

The  above  figures  illustrate  the  action  of  lenses  upon  rays  of  light  passing 

through  them. 
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ConTCTMly,  njt  vhich  are  conTergent  and  p«M  throngfa  k  coUcetiog  lens,  hurt 
their  focal  point  within  the  focal  diitanoe. 

4.  If  tb«  Inminoui  point  (V,  a)  1«  pkeed  in  the  aetumittry  1*7  (a,  b),  the  ume 
lawi  obtain,  prorided  the  angle  fonned  by  the  noondary  raj  with  the  principal 

TonUition  of  Imagei  1)y  Convex  Lensoi.—'A'ter  what  ha*  been  stated 
Mgarding  the  position  of  the  point  of  oonTergenae  of  rayi  proceeding  fnan  a 
laininotu  point,  the  conatnetion  of  the  image  of  any  object  by  a  convex  len*  it 
easily  aocompliihed.  Thii  ia  done  nmply  by  projecting  imagea  of  the  Tarioni 
parte  of  the  object  Thna,  evidently  in  V,  6  fa  the  focal  point  of  the  object,  a, 
while  e  ii  the  focal  point  of  the  object,  I,  The  pictnre  ia  imerted.  CoUeeUng 
Imta/orm  ait  UtvrrltdwtdretU  image  {i.«.,  npon  aacreen]  onty  qftttckdbjeeUatort 
plaeed  beymid  tAe/oeal  point  qf  the  lau. 

With  regard  to  the  nee  and  diatance  of  the  image  from  the  lene,  there  are  the 
following  caaa : — {a)  If  the  object  be  plaoed  at  twioe  the  focal  dirtance  from  the 
lens,  the  image  of  the  eame  ia  jost  the  lame  size  and  at  the  tame  diitance  from 
the  lena  aa  the  object  ii.  (b)  If  the  object  be  near^  than  the  focoi,  the  image 
recede*  and,  at  the  tame  time,  beoomee  larger,  (c)  If  tbe  objeot  be  farther 
removed  from  the  leni  than  twice  the  focal  diitaace,  then  the  image  ia  ite*r«r  to 
Ha  leni  and,  at  the  aame  time,  beoomet  amaller. 

Foiitioo  of  tho  Focal  Point — The  diitanoe  of  the  fboal  point  from  the  kna 
la  readily  calculated,  acoording  to  the  fbllowing  formula  ;■— Where  (=the  diatanca 
of  the  laminoos  point,  i  =  UiB  diitanoe  of  the  imi^e,  and  /=the  fooal  diatauce 
,  ..     ,  111         111 

of  thelen.:^  +  ^  =  ^,or^=-^-y. 


5  « 

I  Xn 


Fig.  379.  Fig.  380. 

Ezunpls.— I^  1=24  cent^etres,  /=6  cm.  Then  -r  =g  ~~oI~ a'  ""  ^^''^ 
b  =  8  cm.,  i.e.,  the  image  ia  Canned  8  cm.  behind  the  lens.  Further,  let  1=10  cm., 
/=6  cm.  (».e.,  I=2A  Then  S  =  ^-  /o="^:  ao  that  6=10,  i.e.,  the  image  ia 
placed  at  twice  the  fbcal  distance  of  the  lena.  Lastly,  let  I-  as.  Then  r  =  > 
— =-;  so  that  b=/,  i.t.,  the  image  ot  parallel  ray»  coming  from  infinity  lies  in 
the  focal  point  of  the  lens. 
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BefrftOtiTe  Indioot- — ^  ">y  of  liftht,  which  ptuBU  in  a  perpendicuLu' directioD 
from  one  medium  into  Rnother  medium  of  diftraU  detuit]',  pMM«  throogh  the 
htter  without  changing  its  cohtbo  or  being  refnusted.  In  Fig.  379,  if  OD,  i«X  AB, 
then  BO  ia  DD,  J.  AB;  foi  a  pbne  mrfoca  AB  ia  the  horicontil,  uid  OD  tiu 
Totiiiml  line.  If  the  snrface  is  ■phericnl,  then  the  vertical  line  i<  the  prolonged 
ntditu  of  tbii  sphere.  If,  however,  the  ray  of  light  fall*  obliquely  npon  tJie  uuf ace, 
it  is  "r^raetat,"  i.e.,  it  is  bent  oat  of  its  original  conne.  The  innident  and  the 
refracted  r»y  neveitheleea  lie  ia  one  plane.  When  the  oblique  inddent  ray  paaies 
from  a  iai  denae  medium  (e.g.,  ur)  into  one  more  denu  {e.g,,  water),  tlie  reftected 
<a  excident  ray  ia  bent  tovjards  the  perpendicular.  If,  oonveteely,  it  pau  &om  a 
more  denae  to  a  less  dense  medinm,  it  ii  bent  away  from  the  perpendioolar.  The 
Angle  (i,  O  D  8)  which  the  incident  ray  (8  D)  forma  with  the  perpendioulai  (G  D)  i« 
called  the  angle  qf  inciifcnf«,  the  angle  formed  by  the  refracted  ray  (D  Si)  with  the 
prolonged  perpendicular  (D  D)  ia  called  the  angle  of  refraction,  D  D  Si  (r).  The 
refractive  power  is  ezpreaaed  aa  the  "refractive  ir^ex."  The  term  refractive 
indei  (n)  means  that  nnmber  which  shown  for  a  certain  substance  how  many 
titnea  the  une  of  the  angle  of  incidence  is  greater  than  the  sine  of  the  an^  irf 
refraction,  when  a  ray  of  hght  pasBCs  from  the  air  into  that  substance.  Thna, 
n  =  un.  i :  sin.  r  =  ah, :  ed.  On  comparing  the  refractive  indices  of  two  media,  we 
Alwaya  sasnme  that  the  ray  passes  from  air  into  the  medium.  On  passing  from  the 
air  into  water,  the  ray  of  light  ia  so  refracted  that  the  sine  of  the  angle  of  incidence 
is  to  the  sine  of  the  angle  of  refraction,  as  4:3;  the  refractive  index  is  —  ^  (or 
1 : 2  (=  1  '5.15— rSnellioa, 


Fig.  381. 

The  MMutniotioa  of  the  refiraoted  ray,  the  lefiaetive  indas  bsuig  given,  i* 

aimple  :—Ezunple— Suppose   in  Fig.  380,   L  =  the   air,    0  =  a  dense  mediiim 

(glasi)  with  a  spWical  surface,  x  y,  and  with  its  centre  at  nt ;  po  =  the  obliqne 

incident  my,  then  m  ^^  is  the  perpendicolar.  Oat  the  angle  of  tDcidance.    ^Ua 

refractive  index  given  is  ^;  the  oltject  is  to  find  the  diraction  of  the  refracted  n^. 
From  o  as  centre,  desoriba  a  drcle  with  a  radius  of  any  length;  from  adraw* 
perpendienlar,  ahtofnZ;  then  abis  the  sine  of  the  angle  of  inrid*iKw,  t.  Divide 
the  line  a  b  into  three  equjil  parte,  and  prolong  it,  to  the  extent  of  two  of  thaee 
pwta,  vie,  top.  Draw  the  line  p  parallel  to  m  Z.  The  line  joining  a  to  » !s  tlie 
ditsction  of  Uie  refracted  ray.  On  making  a  line,  ni,  parpsidiaular  to  mZ,  •«  = 
bp.  Further,  n *  s  une  <]=> r.  So  that  a6  :  «n  (or  :  &p}  =  3  :  2  or  aiu.  i: 
dn.r  =  |. 
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Opttnl  Caidiittl  Point  of  a  Simple  Colleotinff  Sntom-— Two  nfrac- 

tire  nwdift  (Fig.  381,  L  uid  Q)  which  are  MpM»t«d  from  MtcE  other  by  a.  apberic*! 
snrface  (a,  6)  fcnn  a  simple  ooU«atdDg  iyatam.  It  i»  ewij  to  eetimte  the  c<»«tnia- 
tjm  of  an  iocident  ray  ooming  from  tho  fint  mediDm  (L)  aad  Cdling  obliqnd; 
npon  the  mir&ce  (a,  6)  teparfttiiig  the  two  media,  aa  well  aa  to  ucertain  its  diractico 
in  the  teoond  mediom,  G,  and  also  from  the  poution  of  a  Inminons  pcont  in  the 
firat  medium  to  eatimale  the  podtion  of  the  oorreaponding  focal  point  in  the  aecond 
mediom.  The  factors  required  to  be  known  w«  the  following:— L  (Fig.  381)  is 
the  first,  and  G  the  aecond  mediom,  a,b  tm  the  apherical  anrface  whose  centre  is 
m.  Of  contee,  all  the  radii  drawn  from  mto  a,b  {mx,  m  n)  are  perpendiculars,  so 
that  all  ra^  falling  in  the  direction  of  the  radii  must  pas*  unrefracted  through  m. 
All  »»y»  of  thia  aort  ate  called  raya  or  tinei  o/dirttlion;  m,  as  the  point  of  inter- 
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fig.3S3. 

•eatl<»  of  all  theae,  ia  called  the  nodal  point  The  line  which  ooniMOta  m  with  the 
vertex  of  the  spherical  nuftce,  x,  and  which  is  prolonged  in  faMh  directioiis,  is 
Bailed  the  optic  axis,  O  Q.  A  plane  (E,  F)  in  x,  perpendicular  to  O  Q,  ia  called  the 
principal  plane,  and  in  it  x  is  the  principal  point.  The  following  facts  have  been 
aaoertained; — I.  All  rajs  (a  to  Qg),  which  in  the  first  medinm,  are  parallel  with  eacb' 
otiier  and  with  the  optic  axia,  and  fall  npon  ab,  are  ao  refracted  in  the  aecond 
medinm,  that  they  are  all  again  nnited  in  one  point  {pi  t  of  the  aecond  medinut. 
Thia  is  called  the  leeond  pri»dp<d  foeat.  A  plane  in  this  point,  perpendicular  to 
0  Q,  ia  called  the  tteond  foeai  plane  (C,  D).  2.  All  nya  (e  to  ct),  which  in  the 
flnt  medinm  are  parallel  to  each  other,  but  not  panllel  to  0  Q,  reunite  in  a  point- 
of  the  aeoond  focal  plane  (r),  where  the  non-relracted  directive  ray  (Gi,  mr)  meets 
this,  (In  this  case  the  angle  formed  by  the  raya  e  to  «■  with  C  Q  muat  be  very 
smaU.)  The  propositioDS  1  and  2,  of  eonras,  may  be  reversed ;  the  divergent  rays 
proceeding  from  p  towards  ai  pass  into  the  first  medinm  parallel  to  each  other, 
and  also  with  the  axis  C,  Q  (a  to  Oj);  and  the  rays  proceeding  from  r  peas  inte 
the  fiitt  medinm  parallel  to  each  other,  but  not  parallel  to  the  auaOQ(aa  c  to 
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«)).  3.  AH  nyi,  which  in  the  second  medium  are  parallel  to  each  other  (b  to  b^i 
and  with  the  axis  0  Q,  reunite  in  a  point  in  the  first  medium  Ip)  called  thefirtt 
ftxaX  point;  of  coQTBe,  the  converae  of  this  ia  true.  A  plane  in  this  point  perpeodi- 
oolai  to  O  Q  ii  called  the  finl  focal  plane  (A,  B).  The  radius  of  the  refractive 
•nrEice  (m,  a:}  i«eqii*l  to  the  difference  of  the  distance  of  both  focal  points  (p  and ;}i) 
from  the  principal  fbcns  (x);  thus  mx=^piX  —  px.  From  these  comparatiTely 
simple  propoiitiotii  it  is  easy  to  determine  the  following  points ; — 

1.  The  CoMtraotion  of  the  Eofraotod  Hay  — l*t  A  {Fig.  382)  be  the  firatj 
B,  the  second  medium ;  «,  d,  the  spherical  surface  aeparatiDg  the  two ;  a,  b,  the 
optical  ozIb;  ;t,  the  nodal  point;  p,  the  fint  and  pj  the  second  principal  focus; 
G,  D,  the  second  focal  plane.  Suppooe  x,y  ta  represent  the  direction  of  the 
incident  ray,  what  ia  the  constmction  of  the  refnujted  ray  in  the  second  medium  ! 
Prolong  the  tmrefracted  ray,  P,  t,  Q  parallel  to  x,  y,  then  y,  Q  ia  the  direction  of 
the  re&acted  ray  (according  to  2). 

2.  Conitraation  of  the  Ima^  for  a  given  Object.-l°  Fig-  383,  B,  c,  d, 
a,  b,  k,  p,  and  pj,  C,  D  are  oa  before.  Sappoae  a  InminooB  point  (o)  in  the  first 
medinm,  what  is  the  poaitioii  of  the  image  in  the  second  medium  T  Prolong  the 
nnre&acted  ray  (o,  k,  F),  and  draw  the  ray  (o,  x)  parallel  to  Uie  axis  (.a,  b).  The 
parallel  rays  (a,  e  and  o,  x)  reunite  in  p  (according  to  proposition  1).  Prolong 
X,  pi  until  it  intersects  the  ray  (o,  P),  then  the  image  of  o  ia  at  P,  the  rays  of  light 
[ox  and  ok)  proceeding  from  the  luminous  point  (o)  reunite  in  P. 

Comtniotioii  of  the  Eefracted  Bay  and  the  Image  in  leTeral 
fis&aCtiTe  Hedia. — if  several  refractive  media  be  plaoed  behind  each  other, 
we  must  proceed  from  medium  to  medium  with  the  same  methods  as  above 
described.  This  would'be  very  tedious,  especially  when  dealing  with  small  ob- 
jects.    OausB  (1340)  calculated  that,  in  snch  cases,  the  method  of  conitraction  ia 
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very  simple.  If  the  several  media  are  "centred"— i.e.,  if  all  have  the  same  optia 
axis,  then  the  refractive  indices  of  inch  a  centred  system  may  be  represented  by 
two  equal  strong  refractiTe  snr&c««  at  a  certain  distance.     The  raya  falling  upoa 
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the  first  surface  are  not  refracted  by  it,  bat  are  essentially  projected  forwaidi 
parallel  with  themselves  to  the  second  snrface.  Befraction  takes  place  first  at  the 
second  surface,  just  as  if  only  one  refractive  surface  was  present.  In  order  to 
make  the  circulation,  we  mast  know  the  refractive  indices  of  the  media,  the 
radii  of  the  refractive  surfaces,  and  the  distance  of  the  refractive  surfaces  from 
each  other. 

The  carutrucUon  of  the  refracted  ray  is  accomplished  as  follows : — Let  a,  h  {Fig, 
384, 1,)  represent  the  optical  axis ;  H,  tiie  first  focal  point  determined  by  calculation; 
A,  A,  the  principal  plane;  H,  the  second  focal  point;  Ai,  Ai,  the  second  principal 
plane ;  k,  the  first,  and  ki  the  second  nodal  point ;  F,  the  second  focal  point;  and 
¥1,  Fi,  the  second  focal  plane.  Make  the  ray  of  direction  p,  ki  parallel  to  mi.  Hi* 
According  to  proposition  2,  p,  ki  and  nti,  iii  must  meet  in  a  point  of  the  plsne 
Fi,  F].  As  p,  ki  passes  through  unrefracted,  the  ray  from  n^  must^  therefore,  &I1 
at  r;  ni,  r  is,  therefore,  the  direction  of  the  refracted  ray. 

Construction  of  the  focal  paint.— Let  0  (Fig.  384,  II)  be  a  luminons  pointy  what 
is  the  position  of  its  image  in  the  last  medium?  Prolong  from  o  the  ray  of  direc- 
tion 0,  £,  and  make  o,  x  parallel  to  a,  6.  Both  rays  are  prolonged  in  a  parallel 
direction  to  the  second  focal  plane.  The  ray  parallel  to  a,  6  goes  through  F ;  niy  ii 
as  the  ray  of  direction  passes  through  unrefracted.  O  where  n,  F  and  m  hi  inter- 
■sect  each  other,  is  the  position  of  the  image  of  o. 


386.  Application  of  the  Dioptric  Laws  to  the  Eye 
—Formation  of  the  Retinal  Image— Ophthal- 
mometer. 

Position  of  the  Cardinal  Points. — ^The  eye  sunx>un<le<l  with  air  on 
the  anterior  surface  of  the  cornea,  represents  a  concentric  system  of 
refractive  media  with  spherical  separating  surfaces.  In  order  to  ascer- 
tain the  course  of  the  rays  through  the  various  media  of  the  eye,  we 
must  know  the  position  of  both  principal  points,  both  nodal  points,  as 
well  as  the  two  principal  focal  points.  Oaitss,  Listing,  and  v.  Helm- 
lioltz  have  calculated  the  position  of  these  points.  In  order  to  make 
this  calculation,  we  require  to  know  the  refractive  indices  of  the  media 
of  the  eye,  the  radii  of  the  refractive  surfaces,  and  the  distance  of  the 
latter  from  each  other.  These  will  be  referred  to  afterwards.  The 
following  results  were  obtained : — 

1,  The  first  jprincipal  poirU  is  2*1746  mm.;  and  2,  the  second  pincipal 
jpoini  is  2*5724  mm.  behind  the  anterior  surface  of  the  cornea.  3,  The 
fi>rst  nodal  point,  0*7580  mm. ;  and  4,  the  second  nodcU  point,  0*3602  mm. 
in  front  of  the  posterior  surface  of  the  lens.  5,  The  second  principal 
focus,  14*6470  mm.  behind  the  posterior  surface  of  the  lens;  and  6, 
ihB  first  principal  focus,  12*8326  in  front  of  the  anterior  surface  of  the 
cornea. 

Listing's  Beduced  Eye. — ^The  distance  between  the  two  principal 
points,  or  the  two  nodal  points,  is  so  small  (only  0*4  mm.)  that 
practicaUy  without  introducing  any  great  error  in  the  oonstruction,  w« 
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may  assume  (me  mean  nodal  or  principal  point,  lying  between  the 
two  nodal  or  principal  points.  By  this  simple  procedure  we  gain  one 
refractive  surface  for  all  the  media  of  the  eye,  and  only  one  nodal 
pointy  through  which  all  the  rays  of  direction  from  without  must  pass 
without  being  refracted.  This  schematic  simplified  eye  is  called  ^  the 
reduced  eye  '*  of  Listing. 

Formation  of  the  Betinal  Image. — ^The  construction  of  the  image 
on  the  retina  thus  becomes  very  simple.  In  distinct  vision  the  inveried 
image  is  formed  on  the  retina. 

Let  A  B  represent  an  object  placed  verticaUy  in  front  of  the  eye. 
A  pencil  of  rays  passes  from  A  into  the  eye ;  the  ray  of  direction, 
A  d,  passes  without  refraction  through  the  nodal  point,  k.  Further,  as 
the  focal  point  for  the  luminous  point,  A,  iis  upon  the  retina,  aU  the 
rays  proceeding  from  A  must  reunite  in  d.  The  same  is  true  of  the 
rays  proceeding  from  B,  and,  of  course,  for  rays  sent  out  from  an 
intermediate  point  of  the  body,  A  B.      The  retinal  image  is,  as  it 


Fig.  385. 

were,  an  endless  mosaic  of  many  foci  of  the  object.  As  all  the  rays 
of  direction  must  pass  through  the  combined  nodal  point,  k,  this  is 
also  called  the  "poini  of  intersection  of  the  visual  rays" 

The  inverted  image  on  the  retina  is  easily  seen  in  an  excised  eye  of  an  albino 
rabbit,  or  in  any  other  eye,  by  removinj;  a  portion  of  the  sclerotio  and  choroid, 
and  supplying  its  place  with  a  piece  of  glass. 

The  size  of  the  retinal  image  may  also  be  calcalated,  provided  we  know 
the  size  of  the  object  and  its  distance  from  the  cornea.  As  the  two  triangles, 
A,  B,  i,  and c, c2, k,  are  similar,  A^B I e,  d  =s  f,  k : k, g,  ao  that  c,d  ^  (A,  B,  i^ p) : 
/^k,  Allthese  values  are  known,  viz.,  1;,  (7  s  15'16mm. ;  farther,/,  k  —  <i,k  x  a^f, 
where  a,  /  is  measured  directly,  and  a,  1;  a  7*44  mm.  The  size  of  A  B  is 
measured  directly. 

The  angle,  A,  A;,  B,  is  called  the  visual  angle,  and,  of  course,  it  is 
equal  to  the  angle,  c,  £,  d.  It  is  evident  that  the  nearer  objects, 
z  y,  and  r  s,  must  have  the  same  visual  angle.  Hence,  all  the  three 
objects,  AB,  zy,  and  r'e  give  a  retinal  image  of  the  same  size.    Suoh 
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objects,  whose  ends  when  united  with  the  nodal  point,  fonn  a  visual 
angle  of  the  same  size,  and  consequently  form  retinal  images  of  the 
same  size,  have  the  same  *'  apparerU  size.'' 

In  order  to  determine  the  optical  cardinal  points  by  calculation  after 
the  method  of  Gauss,  we  must  know  the  following  factors : — 

1.  The  refractive  indices,  which  are — for  the  cornea,  1*377;  aqueous 
humour,  1*377;  lens,  1*454  (as  the  mean  value  of  all  the  layers); 
vitreous  humour,  1*336;  air  being  taken  as  1,  and  water  1*335 
(Chossat,  Brewster,  Helmholtz,  C.  and  W.  Krause,  Aubert). 

2.  The  radU  of  the  spherical  refractive  surfaces,  which  are — of  the 
cornea,  7*7  mm*;  of  the  anterior  surface  of  the  lens,  10*3 ;  of  the 
posterior,  6*1  mm. 

3.  The  distance  of  the  refractive  surfaces — ^from  the  vertex  of  the 
cornea  to  the  anterior  surface  of  the  lens,  3*4  mm.;  from  the  latter  to 
the  posterior  surface  of  the  lens  (axis  of  the  lens),  4  mm.;  diameter  of 
the  viti*eous  humour,  14*6  mm.  The  total  length  of  the  optic  axis  is 
22*0  mm. 

The  Ophthalmometer. — ^This  Ib  an  instrument  to  enable  us  to  measure  the 
radii  of  the  refractive  media  of  the  eye.  As  the  normal  curvatnre  cannot  be 
accurately  measured  on  the  dead  eye  (Petit,  1723),  owing  to  the  rapid  collapee  of 
the  ocular  tunics,  we  have  recourse  to  the  process  of  Kohlrausch  for  calculating  the 
radii  of  the  refractive  surfaces  from  the  size  of  the  reflected  images  in  the  living 
eye.  The  size  qf  aluminoua  body  is  to  the  me  qf  its  reflected  image,  as  the  distance 
of  both  to  half  the  rcuiius  qf  the  convex  mirror.  Hence,  it  is  necessary  to  measure 
the  size  of  the  reflected  image.  This  is  done  by  means  of  the  ophthalmometer  of 
Helmholtz  (Fig.  386).   The  apparatus  is  constructed  on  the  following  principle:— If 


Fig.  386. 
Scheme  of  the  ophthalmometer  of  Helmholtz. 

-we  observe  an  object  through  a  glass  plate  placed  obliquely,  the  object  appears  to 
be  displaced  laterally;  the  displacement  becomes  greater  the  more  obliquely  the 
plate  is  placed.  Suppose  the  observer,  A,  to  look  through  the  telescope,  F,  which 
has  the  plate,  G,  placed  obliquely  in  front  of  the  upper  half  of  its  objective,  he 
sees  the  corneal  reflected  image,  a,  6,  of  the  eye,  B,  and  the  image  appears  to  be 
displaced  laterally,  viz.,  to  a',  ('.  If  a  second  plate,  G,  be  placed  in  front  of  the 
lotoer  half  of  the  telescope,  but  placed  in  the  opposite  direction,  so  that  both  plates, 
corresponding  to  the  middle  line  of  the  objective,  intersect  at  an  angle,  then  the 
observer  sees  the  reflected  image,  a  h,  displaced  laterally  to  a",  b".  As  both  glass 
plates  rotate  round  their  point  of  intersection,  the  position  of  both  is  so  selected, 
that  both  reflected  images  just  touch  each  other  with  their  inner  margins  (so  that 
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V  abutfl  closely  upon  a").  The  size  of  the  reflected  image  can  be  detennined  from 
the  size  of  the  angle  formed  by  both  plates,  but  we  must  take  into  calculation 
the  thickness  of  the  glass  plates  and  their  refractive  indices.  The  size  of  the 
corneal  image,  and  also  that  in  the  lens,  may  be  ascertained  in  the  passive  eye,  and 
also  in  the  eye  acconmiodated  for  a  near  object,  and  the  length  of  the  radius  of  the 
curved  surface  may  be  calculated  therefrom  (Helmholtz,  Donders,  Manthner, 
Woinow,  Beuss,  and  others). 

Eluorescence.— All  the  media  of  the  eye,  even  the  retina,  are  slightly  fluor- 
escent; the  lens  most,  the  vitreous  humour  least  (v.  Helmholtz). 

Erect  Vision. — As  the  retinal  image  is  inverted,  we  must  explain  how 
we  see  objects  erect.  By  a  psychical  act,  the  impulses  from  any  point 
of  the  retina  are  again  referred  to  the  exterior,  in  the. direction  through 
the  nodal  point ;  thus  the  stimulation  of  the  point,  d  (Fig.  385),  is 
referred  to  A,  that  of  c  to  B.  The  reference  of  the  image  to  the 
external  world  happens  thus,  that  all  points  appear  to  lie  in  a  surface 
floating  in  front  of  the  eye,  which  is  called  the  field  of  vision.  The  field 
of  vision  is  the  inverted  surface  of  the  retina  projected  externally; 
hence  the  field  of  vision  appears  erect  again,  as  the  inverted  retinal 
image  is  again  projected  externally  but  inverted. 

That  the  stimulation  of  any  point  is  again  projected  in  an  inverse  direction 
through  the  nodal  point,  is  proved  by  the  simple  experiment  that  pressure  upon 
the  outer  aspect  of  the  eyebaU  is  projected  or  referred  to  the  inner  aspect  of  the 
field  of  vision.  The  entoptical  phenomena  of  the  retina  are  similarly  projected 
externally  and  inverted;  so  that,  e,g,,  the  entrance  of  the  optic  nerve  lies  external 
to  the  yeUow  spot  (see  §  393).  AU  sensations  from  the  retina  are  projected 
externally. 


387.  Accommodation  of  the  Eye. 

According  to  No.  2,  p.  967,  the  rays  of  light  proceeding  from  a  luminous  point, 
<.^.,  a  flame,  and  acted  upon  by  a  collecting  (convex)  lens,  are  brought  to  a 
focus  or  focal  point,  which  has  always  a  definite  relation  to  the  luminous 
object.  If  a  projection  surfeice  or  screen  be  placed  at  this  distance  from  the 
lens,  a  real  and  inverted  image  of  the  object  is  obtained  upon  the  screen.  If 
the  screen  be  placed  nearer  to  the  lens  (Fig.  385,  IV.,  a,  6),  or  farther  away  from  it 
<c,  d),  no  distinct  image  of  the  object  is  formed,  but  difftision  circles  are  obtained, 
because,  in  the  former  case,  the  rays  have  not  united,  and  in  the  latter,  because 
the  rays,  after  uniting,  have  crossed  each  other  and  become  divei^gent.  If  the 
luminous  point  be  brought  nearer  to,  or  removed  further  from,  the  lens,  in  order  to 
obtain  a  distinct  image,  in  every  case  the  screen  must  be  brought  nearer,  or 
removed  from,  the  lens,  to  keep  the  same  distance  between  the  lens  and  the  screen. 
If^  however,  the  screen  be  fixed  permanently,  whilst  the  distance  between  the 
luminous  point  and  the  lens  varies,  a  distinct  image  can  only  be  obtained  upon  the 
screen,  provided  the  lens,  as  the  luminous  point  approaches  it,  becomes  more 
4X>nvex,  i.e.,  refracts  the  rays  of  light  more  strongly— conversely,  when  the  distance 
between  the  luminous  point  and  the  lens  becomes  greater,  the  lens  must  become 
less  curved,  t.e.,  refract  less  strongly. 

In  the  eye,  the  projection  surface^  or  screen,  is  represented  by  the  retina,  which 
is  permanently  fixed  at  a  certain  distance ;  but  the  eye  has  the  power  of  forming 
distxnot  images  of  near  and  distant  objects  upon  the  retina,  so  that  the  refractive 
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power,  i.e.,  the  farm  of  the  cryitalline  leiu  in  the  eye,  mnit  undergo  >  chang*  ia 
enrreinre  coireeponding  in  every  CMe  to  the  distftnce  of  the  object.  (It  i» 
inportuit  to  remembn  that  we  cumot  aee  >  nesr  object  and  t,  distant  one  with 
equal  dlstinctneet  at  the  latne  time,  and  hence  uuee  the  nece«i^  for  Kcom- 
nodatjon.] 

AccODUnodatioii. — ^By  the  term  accommodation  of  the  eye,  is  mider- 
stood  the  property  of  the  eye,  whereby  it  forms  distinct  images  of 
distant,  as  well  as  near  objects,  upon  the  retina.  This  power  depends 
upon  the  &ct  that  the  ciystalline  lens  altera  its  cnrvatnre,  becoming 
more  convex  (thicker),  or  leas  curved  (flatter),  according  to  the  distance 
of  the  object.  When  the  lens  is  absent  from  the  eyeball,  accommoda- 
tion  is  impossible  (Th.  Young,  Bonders — ^p.  964). 

Dming  rext  [or  negattee  aecommodoAM],  or  when  die  eye  is  passive,  it 


Fig.  387. 
Anterior  qnadrant  of  a,  horizontal  section  of  the  eyeball,  coraea,  and  lent,  divided 
in  the  sa^ttal  plane — a,  tabetuitia  propria  of  the  cornea;  b.  Bowman's  dastlo 
■nembrane ;  e,  anterior  corneal  epithelium ;  d,  Uescemefe  raembiraQe ;  e,  its 
epithellnm ;  /,  co^jnnctiTa ;  g,  sclerotic  ;  A,  iris ;  i,  sphincter  iridis ;  j,  lig*. 
tnentnm  pectinatum  Irldia,  with  the  *djoiniiig  racnolated  tisane ;  t,  oanal  of 
Sohlemm ;  I,  longitndinal,  m,  circnlar  mnicular  fibres  of  the  dUary  muscle ; 
n,  ciliary  process ;  o,  ciliary  part  of  the  retina;  q,  ouul  of  Petit,  wtth  Z, 
smrale  of  Ziim  in  front  of  it ;  and  p,  the  poaterlor  layer  of  the  hyal<Md  meni' 
bnme ;  r,  anterior,  t,  postcnor  part  of  the  capanle  of  the  lens ;  (,  choroid ;  «, 
perichorddeal  ipaee ;  T,  ^gment  epithelinmof  tbeiris;  x,  mtf(^  of  Um  lens 
(equator). 
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is  accommodated  for  the  greatest  distance,  le.,  images  of  objects  placed  at 
an  infinite  distance  (e.^.,  the  moon)  are  formed  upon  the  retina.  In 
this  case,  t&jb  coming  from  anch  a  distance  are  practically  parallel,  and 
when  they  enter  the  eye,  are  in  the  passive  nonTial  {enoMtropk)  eye, 
brotight  to  a  focus  on  the  retina.  When  looking  at  a  distant  object, 
a  distinct  image  is  formed  on  the  retina  without  the  aid  of  any  mus- 
culai  action. 

That  distAQt  objects  are  seen  witboat  the  aid  of  any  mnsonlar  actioD  it  ahown 
by  the  following  considerations ;— 1.  The  normil,  or  emmetropic  eye  can  see  distant 
objects  clearly  and  distinctly  without  our  eiperiencing  any  feeling  of  eficrt.  On 
opening  the  eyelids  after  a  long  period  of  rest,  the  objects  at  a  distance  are 
at  ODce  distinctty  visible  in  the  field  of  vision.  2.  If,  in  conseqnence  of  paralysis 
of  the  mechanism  of  accommodation  {e.g.,  throogh  paralysiB  of  the  oculomotor 
nerve — g  346,  7),  the  eye  is  nnable  to  fbcua  images  of  objects  placed  at  different 
distances ;  still  distinct  images  are  obtained  of  distant  objects.  Tbua,  paralysis  of 
the  mechanism  of  accommodation  is  always  accompanied  by  inability  to  focus  a 
near  object,  never  a  distant  object.  A  temporary  paralysis  with  the  same  results, 
occurs  when  a  solution  of  atropin  or  dnboisin  is  dropped  into  the  eye,  and  also  in 
pdsoning  with  these  dmgs  (§  392). 

When  the  eye  is  accommodated  for  a  near  object  [positive  accommo- 
dation], the  lens  is  thicker,  its  anterior  surface  is  moi-e  curved  (convex). 


Fig.  388. 

Scheme  of  accommodation  for  near  and  distant  objects — The  right  nde  of  the  figure 
represents  the  condition  of  the  lena  during  accommodation  for  a  near  object, 
and  the  left  side  when  the  eye  is  at  rest.  The  letters  indicate  the  same  parta 
on  both  aides ;  thoee  on  the  right  aids  are  marked  with  a  stroke ;  A ,  left,  B, 
right  half  of  the  lens;  C,  comes;  S,  sclerotic;  CS.,  canal  of  Schlemm  ;  V.K., 
anterior  chamber ;  J,  iris ;  P,  margin  of  the  pnpil ;  V,  anterior  surface ;  ff, 
posterior  sor&ce  of  the  lena ;  B,  margin  of  the  lens  ;  F,  margin  of  tbe  ciliary 
proocMea ;  a  and  b,  space  between  ^e  two  former ;  the  line  Z,  X,  indicate 
the  thickness  of  the  lens  during  accommodation  for  a  near  object ;  Z,  Y,  the 
thickness  of  the  lens  when  the  eya  ia  paasive. 

and  projects  farther  into  the  anterior  chamber  of  the  eye  (Cramer, 
Helniholtz).  The  mechaniam  producing  thia  result  ia  the  following: — 
During  rtfi,  the  lens  is  kept  somewhat  flattened  against  the  vitreous 


978  piirkisjb-sanson's  ibiaoes. 

linmoDr  lying  behind  it  by  the  tension  of  the  stretched  zonule  of  Zion 
(Fig.  387,  Z),  which  is  attached  round  the  nutgin  of  the  lena.  When 
the  muscle  of  accommodation,  the  cQiaiy  muscle  (t,  m)  contracts,  it 
pulls  fonrard  the  margin  of  the  choroid,  so  that  the  zonule  of  Zinn 
in  intimate  relation  with  it,  is  relaxed.  [When  we  accommodate  for  a 
near  object  the  ciliary  muscle  contracts,  pulls'  forward  the  choroid, 
relaxes  the  zonule  of  Zinn,  and  this,  in  turn,  dimioishee  the  tension  of 
the  anterior  part  of  the  capsule  of  the  lens.]  The  lens  assumes  a  more 
curved  form  in  virtue  of  its  elastwilt/,  bo  that  it  becomes  more  convex  as 
Boon  as  the  t«n3;on  of  the  zonule  of  Zinn,  which  keeps  it  flattened,  is 
diminished  (v.  Helmholtz).  As  the  posterior  surface  of  the  lens  lies  in 
the  saucer-shaped,  unyielding  depression  of  the  vitreous  humour,  the 
atUerior  surface  of  the  lens  in  becoming  more  convex,  must  necessarily 
protrude  more  forwards. 

Herres. — According  to  Hensen  and  Vdlckers,  the  origin  of  the 
nerves  of  accommodation  lies  in  the  most  anterior  root-bundles  of  the 
oculomotorius.  Stimulation  of  the  posterior  part  of  the  floor  of  the 
third  ventricle  causes  accommodation ;  if  a  part  lying  slightly  posterior 
to  this  be  stimulated,  contraction  of  the  pupil  occura  On  stimulating 
the  limit  between  the  third  ventricle  and  the  aqueduct,  there  results 
contraction  of  the  internal  rectus  muscle,  while  stimulation  (rf  the 
other  parts  around  the  iter  causes  contraction  of  the  superior  rectus, 
levator  palpebrae,  rectus  inferior,  and  inferior  oblique  muscles. 

Thai  the  lent  undergoes  an  tJteratioii  id  its  curvature  during  accommodatioit  ii 
proved  by  the  foUowiii);  facta : — 

1-  Purkinje-Sanson'*  Imafet.— If  a  lighted  candle  Iw  held  at  cme  aide  of  tlM 
eye,  or  if  light  be  alloired  to  fall  on  the  eye  throngh  two  triangular  holei,  placed 
above  each  other  and  cut  in  a  piece 
of  cardboard,  the  obaerver  will  see, 
in  the  Utter  cue,  three  pun  of  it- 
dected  images  [in  the  former,  three 
image*].  The  brightest  sod  most  dis- 
tinct image  (or  pair  of  images]  is 
erect,  and  is  produced  by  the  ulterior 
surface  of  the  cornea  (Fig7~38S4). 
The  second  image  (or  pur  of  imi^^Sj 
*^'  '^^  is  also  etect      It  is  the  Iwgeat.  but 

Sanaon-Pnrkiiye's  imsgee — a,  b,  e,  during  it  is  not  so  bright  (b),  and  it  ia  re- 
negative,  and  a,,  b„  e,,  during  positive  fleeted  by  the  anterior  sorface  of  tha 
accommodation.  leos.    fTbe  oiie  of  a  reflected  imaf^ 

from  a  convex  mirror  is  greater,  the 
longer  the  radius  of  curvature  of  the  reflecting  enrfaoe.)  The  latter  image  lie* 
8  mm.  be/and  the  plane  of  the  papU.  The  third  image  (or  pair  of  imagea)  is  of 
medinm  siie  and  medium  brightiieas— it  is  tttvaied  and  lies  nearly  in  the  plane 
of  the  pupil  (c).  The  posterior  capsule  of  the  lens,  which  reflects  the  last  image, 
acts  like  a  concave  mirror.  If  a  luminoua  object  be  placed  at  a  diitonoe  from 
•  ooDoave  mirror,  its  inverted,  diminished  real  imsge  lies  doae  to  the  focna 
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towwdc  the  Bid«  of  the  object.  If  the  image*  be  stndied  when  the  obaerred 
«ye  is  pauive,  i.e.,  in  the  phase  of  negative  aooommodation,  oa  asking  the  p«non 
azperimented  npou  to  acoommodate  hie  c?e  for  a  near  object,  at  ODoe  a  ohauga 
in  the  relative  position  and  size  of  some  of  the  image*  ia  apparent.  The  middle 
pair  of  images,  reflected  by  the  aDtarior  lurface  of  the  lens,  liimininh  in 
size  and  approach  each  other  (A,),  which  depends  upon  the  foot  that  the  anterior 
■Qrface  of  tiie  lens  has  become  more  convex.  At  the  same  time  the  image  (or  pair 
of  imageii)  comes  nearer  to  the  image  formed  by  the  cornea  {a,  and  e,)  as  tiie 
anterior  aorfoce  of  the  lens  Ilea  nearer  to  the  cornea.  The  othw  unagea  (or  pun 
of  images)  neither  change  their  size  not  position,  t.  Helmholti,  with  the  aid  of  the 
ophthalmometer,  has  measnred  the  dimination  of  the  radius  of  c 
anterior  enr&ce  of  the  lens  during  occonunodation  for  a  near  objecL 

[PhakoflOOpe- — These  images  saay  be 
readily  shown  oy  means  of  the  phahoscope 
of  T.  Helmhcltz  (Fig.  390).  It  coasists 
of  a  triangnlar  box  blackened  inside  and 
with  its  angles  cut  off.  The  observer's  eye 
ia  placed  st  a,  while  on  the  opposite 
side  of  the  box  are  two  prisiuB  b,  b\  the 
obeerved  eye  ia  placed  at  the  side  of  the 
box  opposite  to  C.  '\Vlien  a  candle  is 
held  in  front  of  the  piisms,  b  and  fi,, 
three  paira  of  images  are  seen  in  the 
observed  eye.  Ask  the  person  to  aocom- 
nodate  for  a  distant  object,  and  note  the 
positioa  of  the  images.  On  poshing  np 
the  ahde  C  with  a  pin  attached  to  it,  and 
aakiag  iiim  to  accommodate  for  the  pie, 
Lc,  for  a  near  object,  the  poaition  and 
size  of  the  middle  images  chiefly  will  be 
aeen  to  alter  as  described  above.] 

2.  In  oonseqoenee  of  the  increased  CDz- 
vatore  of  the  lens  dnring  accommodation 
for  a  near  object,  the  refractive  indlnea 
within  the  eye  most  undergo  a  change. 
Aooordiag  to  r.  Helmholtz  the  fbllowiug 
maaaorementa  obtain  in  negative  and 
positive  accommodatian  respectively ; — 


Nf^attTe-Mm. 

PortMTe-Mo. 

Radius  of  the  cornea, 

8 

8           1 

Radins  of  anterior  eurf  ace  of  tens 

10 

6           < 

Radius  of  poBterior  surface  of  len^ 

6 

6-6 

Portion  of  the  vertex  of  the  outer  surface  of  the  I 

3-6 

3-2         1 

lens  behind  the  vertex  of  the  cornea,         .        .  t 

PoBtion  of  the  posterior  vertex  of  the  lens,    .         . 

7-2 

7-2        ; 

Podticn  of  the  anterior  focal  point. 

12-9 

11-24 

Pomtion  of  the  first  principal  poinC 

I-H 

2-08 

Position  of  the  second  principal  point,   . 

6-96 

6-61 

Position  of  the  posterior  focal  point  behind  the  1 

22'23 

aD'25 

antarioT  vertex  of  the  oomea,    .        .        .        .1 

980  CHANGES  DX7RIN6  ACCOMMODATION. 

3.  Lateral  View  of  the  Papil.—If  the  pauiTe  eye  be  looked  at  from  the  side, 
we  observe  only  a  small  black  strip  of  the  pnpil,  which  becomes  broader  as  soon  as 
the  person  experimented  on  accommodates  for  a  near  object,  as  the  whole  pnpil  is 
poshed  more  fbxwards. 

4>  7oeal  Line^ — n  light  be  admitted  through  the  oomea  into  the  anterior 
chamber,  the  '' focal  line*'  formed  by  the  concave  surface  of  the  oomea,  fgJls  upon 
the  iris.  If  the  experiment  be  made  upon  a  person  whose  eye  is  accommodated 
for  a  distant  object,  so  that  the  line  lies  near  the  margin  of  the  pupil,  it  gradually 
recedes  towards  the  scleral  margin  of  the  iris,  as  soon  as  the  person  accommodates 
for  a  near  object,  because  the  iris  becomes  more  oblique,  as  its  inner  margin  is 
pushed  foxwurd. 

6*  Changfe  in  Size  of  Pupil. — On  accommodating  for  a  near  object  the  pupU 
contracts,  while,  in  acoonmioidation  for  a  distant  object,  it  dilates  (Descartes, 
1637).  The  contraction  takes  place  slightly  after  the  accommodation  (Donders). 
This  phenomenon  may  be  regarded  as  an  associated  movement,  as  both  the  ciliary 
muscle  and  the  sphincter  pupillso  are  supplied  by  the  oculomotorius  (|  345, 2,  3). 
A  reference  to  %.  387  shows  that  the  latter  also  directly  supports  the  ciliary 
mnsde;  as  the  inner  margin  of  the  iris  passes  inwards  (towards  r),  its  tension 
tends  to  be  propagated  to  the  ciliary  margin  of  the  choroid,  which  also  must  pass 
inwards.  The  ciliary  processes  are  made  tense,  chiefly  by  the  ciliary  muscle 
(tensor  choroideie).  Accommodation  can  still  be  performed,  even  though  the  iria 
be  absent  or  cleft. 

6.  Internal  Botation  of  the  Eye. — On  rotating  the  eyeball  inwards,  accom- 
modation for  a  near  object  is  performed  involuntarily.  As  rotation  of  both  eye- 
balls inwards  takes  place,  when  the  axes  of  vision  are  directed  to  a  near  object, 
it  is  evident  that  this  must  be  accompanied  involuntarily  by  an  accommodation  oi 
the  eye  for  a  near  object. 

7.  Time  for  Aooommodation. — ^A  person  can  accommodate  firom  a  near  to  a 
distant  object  (which  depends  upon  relaxation  of  the  ciliary  muscle)  much  more 
rapidly,  than  conversely,  from  a  distant  to  a  near  object  (Vierordt,  Aeby).  The 
process  of  accommodation  requires  a  longer  time,  the  nearer  the  object  is  brought 
to  the  eye  (Vierordt,  Volckers  and  Hensen).  The  time  necessary  for  the  image 
reflected  from  the  anterior  surface  of  the  lens,  to  change  its  place  during  accom- 
modation, is  less  than  that  required  for  subjective  accommodation  (Aubert  and 
Angelucci). 

8.  Line  of  Aooommodation. — When  the  eye  is  placed  in  a  certain  position 
during  accommodation,  we  may  see  not  one  point  alone  distinctly,  but  a  whole 
series  of  points  behind  each  other.  Czermak  called  the  line  in  which  these  points 
lie,  the  line  of  accommodation.  The  more  the  eye  is  accommodated  for  a  distant 
object  the  longer  this  line  becomes.  All  objects  placed  at  a  greater  distance  fix>m 
the  eye  than  60-70  metres,  appear  equally  distinct  to  the  eye.  The  line  becomes 
shorter  the  more  we  accommodate  for  a  near  object — i.6.,  when  we  accommodate 
as  much  as  possible  for  a  near  object,  a  second  point  can  only  be  seen  indistinctly 
at  a  sJiort  distance  behind  the  object  looked  at. 

9.  The  nerves  concerned  in  the  mechanism  of  accommodation  are  referred  to 
under  Ocvlomoioriua  (§  345,  and  again  in  §  704). 

Scheiner's  Eiperiment. — The  experiment  which  bears  the  name  of 
Scheiner  (1619),  serves  to  illustrate  the  refractive  action  of  the  lens 
during  accommodation  for  a  near  object,  as  well  as  for  a  distant  object 
Make  two  small  pin-holes  (S,  (Q  in  a  cardboard  (Fig.  391,  K,  K^),  the 
holes  being  nearer  to  each  other  than  the  diameter  of  the  pupil.  On 
looking  through  these  holes^  S,  dy  at  two  needles  (p  and  r)  placed  behind 


sgheiner's  experiment. 
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each  other,  then  on  accommodating  for  the  near  needle  (p),  the  far  needle 
(r)  becomes  doable  and  inverted.  On  accommodating  for  the  near 
needle  (p),  of  coarse  the  rays  proceeding  from  it  fall  apon  the  retina  at 
the  focus  {pi) ;  while  the  rays  coming  from  the  far  needle  (r)  have 
already  united  and  crossed  in  the  vitreous  humour,  whence  they  diverge 
more  and  more  and  form  two 
pictures  (r^,  r^J  on  the  retina.  If 
the  right  hole  in  the  cardboard 
(d)  be  closed,  the  left  picture 
on  the  retina  (rj  of  the 
double  images  of  the  far  needle 
disappears.  An  analogous  re- 
sult is  obtained  on  accommo- 
dating for  the  far  needle  (R). 
The  near  needle  (P)  gives  a 
double  image  (P^,  P^^),  because 
the  rays  from  it  have  not  yet 
come  to  a  focus.  On  closing 
the  right  hole  (d),  the  right 
double  image  (P,)  disappears 
(Porterfield).  When  the  eye 
of  the  observer  is  accommo- 
dated for  the  near  needle,  on 
closing  one  aperture,  the  double 
image  of  the  distant  point  dis- 
appears on  that  side;  but  if  the 
eye  is  accommodated  for  the 
distant  needle,  on  closing  one  hole,  the  crossed  image  of  the  near 
needle  disappears. 


Fig.  391. 
Schemer's  expenxnent. 


388.  The  Refractive  Power  of  the  Normal  Eye- 
Anomalies  of  Refraction. 


Far  Point — Near  Point. — The  limits  of  distinct  vision  vary  very 
greatly  in  different  eyes.  We  distinguish  the  far  point  [p»  r.,  pundum 
remotum]  and  the  near  point  [p,  p,y  punctum  proximum] ;  the  former  indi- 
cates the  distance  to  which  an  object  may  be  removed  from  the  eye, 
and  may  still  be  seen  distinctly ;  the  latter,  the  distance  to  which  any 
object  may  be  brought  to  the  eye,  and  may  still  be  seen  distinctly. 
The  distance  between  these  two  points  is  called  the  range  of  accommo- 
dation.    The  types  of  eyeball  are  characterised  as  follows — 
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1.  The  nonnal  or  emmetropic  eye  is  so  arranged  whea  at  rest,  that 
parallel  rays  (Fig.  392,  r,  r)  coming  from  the  most  distant  objects  can  be 
f ocussed  on  the  retina  (r).  The  far  point,  therefore,  is  =  oo  (infinity). 
When  accommodating  as  much  as  possible  for  a  near  object,  whereby 

the  convexity  of  the 
JL.  lens  is  increased  (Fig. 
392,  a),  rays  from  a 
luminous  point  placed 
at  a  distance  of  5  inches 
.are  still  focussed  on  the 
retina,  i.e.,  the  near  point 
is  =  6  inches  (1  inch=: 
27  mm.).  The  range  of 
accommodation,  or  ["the 
range  of  distinct  vision*'], 
therefore,  is  from  5 
inches(10-12  cm.)  to  oo . 


Fig.  392. 


Condition  of  refraction  in  tiie  normal  passive  eye  and       o    The  fihort-sildlted 

dmxkg  aceommodaiion,  ,      '   ,  ,       . 

(myopic  or  long)  eye 
{Fig.  393)  cannot,  when  at  resi^  bring  parallel  rays  from  infinity  to  a 
focus  on  the  retina.  These  rays  decussate  within  the  vitreous 
humour  (at  0),  and,  after  crossing,  form  a  diffusion  circle  upon  the 
retina.  The  object  must  be  removed  from  the  passive  eye  to  a 
distance  of  60-120  inches  (to  f),  in  order  that  the  rays  may  be 
focussed  on  the  retina.  The  passive  myopic  eye,  therefore^  can  only 
focus  divergent  rays  upon  the  retina.  The  far  point,  therefore,  lies 
abnormally  near.  With  an  intense  effort  at  accommodation^  objects 
at  a  distance  of  4  to  2  inches,  or  even  less,  from  the  eye,  may  be 
seen  distinctly.  The  near  point,  therefore,  lies  abnormally  near;  the 
range  of  accommodation  is  diminished. 

Short-sightedness,  or  myopia,  usually  depends  upon  oongenital,  and  fre- 
queatiy  hereditary,  elongation  of  the  eyeball.  This  anomaly  of  the  refractiTe 
media  is  easily  corrected  by  using  a  diverging  lens  (concave),  which  makes  par- 


Fig.  393. 
Myopic  Eye. 
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allel  rays  divergent,  so  that  they  can  then  be  brought  to  a  focus  on  the  re&uk  |t 
is  remarkable  that  most  children  are  myopic  when  they  are  bom.  This  myopic^ 
however,  depends  upon  a  too-carved  condition  of  the  cornea  and  lens,  and  on  the 


Fig.  394. 

Anomalies  of  the  refractive  media  in  a  myopic  (Fig.  393),  and  a  hypermetropic 

eye  (Fig.  394). 

lens  being  too  near  to  the  oomea.  As  the  eye  grows,  this  short-sightedneBs  dis- 
appears. The  cause  of  myopia  in  children  is  ascribed  to  the  continued  activi^ 
of  the  ciliary  muscle  in  reading,  writing,  A;c.,  or  the  continued  convergence 
of  the  eyeballs,  whereby  the  external  pressure  upon  the  eyeball  is  increased. 

3.  The  loi^-sighted  eye  (Fig.  394)  hypermetropic,  hyperoptic, 
(flat  eye)  when  at  rest,  can  only  cause  convergent  rays  to  come  to 
a  focus  on  the  retina.  Distinct  images  can  only  be  formed 
when  the  rays,  proceeding  from  objects,  are  rendered  convergent  hy 
means  of  a  convex  lens,  as  parallel  rays  would  come  to  a  focus  behind 
the  retina  (at  /).  All  rays  proceeding  from  natural  objects  are  either 
divergent,  or  at  most,  nearly  parallel,  never  convergent.  Hence  it 
follows  that  no  long-sighted  person,  when  the  eye  is  passive — «.e.,  is 
negatively  accommodated,  can  see  distinctly  without  a  convex  lens». 
When  the  ciliary  muscle  contracts,  slightly  convergent,  parallel,  and 
even  slightly  divergent  rays  may  be  focussed,  according  to  the  increas- 
ing degree  of  the  accommodation.  The  far  point  of  the  eye  is  negative,, 
the  near  point  abnormally  distant  (over  8  to  80  inches),  while  the  range^ 

of  accommodation  is  infinitely  great. 

[Defective  Accommodation. — In  the  presbyopic  eye,  or  long-sighted 

eye  of  old  people,  the  near  point  is  further  away  than  normal,  but  the 

far  point  is  still  imaffected.     In  such  cases  tiie  person  cannot  see  a 

near  object  distinctly,  unless  it  be  held  at  a  considerable  distance  from 

the  eye.     It  is  due  to  a  defect  in  the  mechanism  of  accommodation, 

the  lens  becoming  somewhat  flatter,  less  elastic,  and  denser  with  old 

age,  while  the  ciliaiy  muscle  becomes  weaker.    In  hypermetropia,  on 

the  contrary,  the  mechanism  of  accommodation  may  be  perfect,  yet 

from  the  shape  of  the  eye  the  person  cannot  focus,  on  his  retina,  the 

rays  of  light  from  a  near  object.     In  presbyopia  the  range  of  distinct 
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vision  is  diminishecL     The  defect  is  remedied  by  weak  conoez  glasses. 
The  defect  usually  begins  about  forty-five  years  of  age.] 

The  cause  of  hypermeiropia  ia  abnormal  Bhortness  of  the  eye,  which  is  generally 
due  to  imperfect  development  in  all  directions.  It  is  corrected  by  using  a  convex 
lens, 

Sstimation  of  the  Far  Point* — ^  order  to  determine  the  far  point  of  an 
eye,  gradually  bring  nearer  to  the  eye  objects  which  form  a  visnal  angle  of  fire 
minutes  {e.g.,  Snellen's  small  type  letters,  or  the  medium  type,  4-8,  of  Jaeger), 
until  they  can  be  seen  distinctly.  The  distance  from  the  eye  indicates  the  far  point 
In  order  to  determine  the  far  point  of  a  myopic  person,  place  at  20  inches  distant 
from  the  eye,  the  same  objects  which  give  a  visual  angle  of  five  minutes,  and 
ascertain  the  concave  lens  which  will  enable  the  person  to  see  the  objects  distinctly. 
To  estimate  the  near  point,  bring  small  objects  {e.g,,  the  finest  print),  nearer  and 
nearer  to  the  eye,  until  it  finally  becomes  indistinct.  The  distance  at  which  one 
can  still  see  distinctly  indicates  the  iar  point 

Optometer. — ^The  optometer  may  also  be  used  to  determine  the  near  and  far 
points.  A  small  object,  e,g.,  a  needle,  is  so  arranged  as  to  be  movable  along  a 
scale,  along  which  the  eye  to  be  investigated  can  look,  as  a  person  looks  along 
the  sight  of  a  rifle.  The  needle  is  moved  as  near  as  possible,  and  then  re- 
moved as  far  as  possible,  in  each  case  as  long  as  it  is  seen  distinctly.  The 
distance  of  the  near  and  far  point,  and  the  range  of  accommodation  can  be  read 
off  directly  upon  the  scale  (Gr&fe). 


389.  The  Power  or  Force  of  Accommodation. 

Force  of  Accommodation. — The  range  of  accommodation,  which  is 
easily  determined  experimentally,  does  not  by  itself  determine  the 
proper  power  or  force  of  accommodation.  The  measure  of  the  latter  de- 
pends upon  the  mechanical  work  done  by  the  muscle  of  accommodation, 
or  the  ciliary  muscle.  Of  course  this  cannot  be  directly  determined  in 
the  eye  itself.  Hence  this  force  is  measured  by  the  optical  effect,  which 
results  in  consequence  of  the  change  in  the  shape  of  the  lens,  brought 
about  by  the  energy  of  the  contracting  muscle. 

In  the  normal  eye,  during  the  passive  condition,  the  rays  coming 
from  infinity,  and  therefore  parallel  (which  are  dotted  in  Fig.  395), 
are  focussed  upon  the  retina  at  /.  If  rays  coming  from  a  distance  of 
5  inches  (p.  985)  are  to  be  focussed,  the  whole  available  energy  of  the 
ciliary  muscle  must  be  brought  into  play  to  allow  the  lens  to  become 
more  convex,  so  that  the  rays  may  be  brought  to  a  focus  at/.  The 
energy  of  accommodation,  therefore,  produces  an  optical  effect  in  as  far 
as  it  increases  the  convexity  of  the  anterior  surface  of  the  passive  lens 
(A),  by  the  amount  indicated  by  B.  Practically,  we  may  regard  the 
matter  as  if  a  new  convex  lens  (6)  were  added  to  the  existing  convex 
lens  (A).  What,  therefore,  must  be  the  focal  distance  of  the  lens  (B),  in 
order  that  rays  coming  from  the  near  point  (5  inches)  may  be 
focussed  upon  the  retina  at  /?    Evidently,  the  lens  B  must  make  the 
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divei^ng  rays  coming  from  f,  parallel,  and  then  A  can  [ocas  them  at  /. 
Convex  lenses  cause  those  rays  proceeding  from  their  /coii  pmis  to 
pass  ont  at  the  other  side  as  parallel  raye  (§  386,  1),  In  our  case, 
therefore,  the  lens  mnst  hare  a  focal  distance  of  6  inches.  The 
normal  eye,  therefore,  with  the  far  point  =  CX)>  and  the  near  point 
=  6  inches,  has  a  power  of  accommodation  equal  to  a  lens  of  5  inches 
focal  distance.     When  the  lens  by  the  energy  of  accommodation  is 


Fig.  395. 


rendered  more  powerfully  refractive,  the  increase  (B)  can  readily  be 
eliminated  by  placing  before  the  eye  a  concave  kns  which  possesses 
exactly  the  opposite  optical  effect  of  the  increase  of  accommodation  (B). 
Hence,  it  follows  that  it  is  possible  to  indicate  the  power  (force)  of 
accommodation  of  the  eye  by  a  lens  of  a  definite  focal  distance,  t.&,  by 
the  optical  effect  produced  by  the  latter.  Therefore,  according  to 
Bonders,  the  measure  of  the  force  of  accommodation  of  the  eye  is  the 
reciprocal  value  of  the  focal  distance  of  a  concave  lens,  which  when 
placed  before  the  accommodated  eye,  so  refracts  the  rays  of  light  coming 
from  the  near  point  (p)  as  if  they  came  from  the  far  point. 


Example. — We  may  ctlcnlata  the  fores  of  the  accommodatioD  aceordiog  to  the 

{Qllowin^  formnln;    ~  = ,   i«.,  the  force  of  ■ooommodatioD,  ezprossed  u 

the  dioptric  value  of  a  leiu  (of  x  inch  focal  distanoe),  la  aqn*!  to  the  differeiioe  of 
the  reciprocal  values  of  the  distancas  of  the  near  point  Ip)  and  of  the  &r  point  (r) 
of  the  eye.    In  the  emmetropic  eye,  aa  already  mentioned,  p  =  6,  r=oo.    Iti  force 


of  accommodation  is,   therefore,  - 


0  that  x=5,  ie.,  it  U  equal  to  a 


lena  of  6  inches  focal  distance.  In  a  myopic  eye,  p=4,  r=12,  ao  that-  =  -2  -  ja, 
i.e.,  X— 6.  In  another  myoiHO  eye,  with  }i  =  4  and  r=20,  then  xs&,  vrbldb  b  a 
normal  force  of  accommodation.  Hence,  it  ii  evident  that  two  different  eyee, 
poeseuing  a  veiy  different  range  of  ocoommodation,  may  oererthelees  have  the 
■ameybree  of  accommodation.     Example, — The  one  eye  haBp=4,  t  =  <o,  the  other, 

p=2,  r=4.  In  both  cases,  -  —  ^,  so  that  the  force  of  accommodation  of  both  eyes 
is  equal  to  the  dioptric  value  of  a  leni  of  4  inohei  focal  diitanoe.  ConvBTMly,  two 
«yea  may  have  the  Muue  range  of  ocoommodation,  and  yet  their  force  of  acoommo- 
'dation  be  very  unequal.    Example, — Theone  e7ehaap  =  3,r=ff;  theother,  7^6, 
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rs0.    Both,  therafore,  hav«  a  range  of  aooommodation  of  3  incliei.    For 

the  foroe  of  acoommodation,  -  »  »  -  7f  a?- 6 :  and  ~=  -^  -  ;r-,  «=:18w 

'  a     3     6  '         X     6     9 

SelatUm  of  the  range  qf  aceommodcUion  to  the  force  of  ciccommodaiUnL  Tlie 
gemaral  law  ii,  that  the  range$  of  accommodation  of  two  eyes  being  equally  gieati 
ibm  their/oreea  of  aocommodatioa  are  equal,  provided  that  their  near  pointa  are  the 
same.  If  the  ranges  of  acoommodation  for  both  eyes  are  eqnally  great,  but  their  near 
points  mieqnal,  then  the  farees  of  acconmiodation  are  also  unequal— the  latter 
being  greater  in  the  eyes  with  the  smallest  near  point.  This  is  due  to  the  fiwt 
that  every  difference  of  distance  near  a  lens  has  a  much  greater  effect  upon  the 
image,  compered  with  differences  in  the  distance /ar  from  a  lens.  The  emme- 
tropic eye  can  see  distinctly  objects  at  60-70  metres,  and  even  to  infinity,  without 
accommodation. 

While  p  and  r  may  be  directly  estimated  in  the  emmetropic  and  myopic  eyes, 
this  is  impossible  with  the  hypermetropic  (long-sighted)  eye.  The  far  point  in  the 
latter  is  negative,  indeed,  in  very  pronounced  hypermetropia,  even  the  near  point 
may  be  negative.  The  far  point  may  be  estimated  by  making  the  hypermetropic 
eye  practically  a  normal  eye,  by  using  suitable  convex  lenses.  The  relative  near 
point  may  then  be  determined  by  means  of  the  lens. 

Even  from  the  15th  year  onwards,  the  power  of  accommodation  b  generally 
diminished  for  near  objects — perhaps  this  is  due  to  a  diminution  of  the  elasticity  of 
the  lens  (Donders). 


390.  Spectacles. 

The  focal  distance  of  concave  (diverging),  as  well  as  convex  (conreiging) 
spectacles,  depends  upon  the  refractive  index  of  the  glass  (usually  3  :  2),  and  on 
the  length  of  the  radius  of  curvature.  If  the  curvature  of  both  sides  of  the  lens  is 
the  same  (biconcave  or  biconvex),  then,  with  the  ordinary  refractive  index  of  glass, 
the  focal  distance  is  the  same  as  the  radius  of  curvature.  If  one  surface  of  the  lens 
is  plane,  then  the  focal  distance  is  twice  as  great  as  the  radius  of  the  spherical 
surface.  Spectacles  are  arranged  according  to  their  focal  distance  in  ntehes,  but  a 
lens  of  shorter  focal  distance  than  1  inch  is  generally  not  used.  They  may  also  be 
arranged  according  to  their  r^ractive  power.  In  this  case,  the  refractive  power  of 
a  lens  of  1  inch  focus  is  taken  as  the  unit.  A  lens  of  2  inches  focus  refracts  light 
only  half  as  much  as  the  unit  measure  of  1  inch  focus;  a  lens  of  3  inches  focus 
refracts  J-  as  strongly,  &c.  This  is  the  case  both  with  convex  and  concave  lenses, 
the  latter,  of  course,  having  a  negative  focal  distance;  thus,  " concave— |,** 
indicates  that  a  concave  lens  diverges  the  rays  of  light  one-eighth  as  strongly  ss 
the  concave  lens  of  1  inch  (negative)  focal  distance. 

Choice  of  Spectacles. — Having  determined  the  near  point  in  a  mjoplc  eye,  of 
course  we  require^to  render  parallel  the  divergent  rays  coming  from  the  far  point, 
just  as  if  they  came  from  infinity.  This  is  done  by  selecting  a  concave  lens  of  the 
focal  distance  of  the  far  point.  The  greatest  distance  is  the  far  point  of  the 
emmetropic  eye.  Suppose  a  myopic  eye  with  a  far  point  of  6  inches,  then  such  a 
person  requires  a  concave  lens  of  6  inches  focus  to  enable  him  to  see  distinctly  at 
the  greatest  distance.  Thus,  in  a  myopic  eye,  the  distance  of  the  far  point  fnan 
the  eye  is  dfrecUy  equal  to  the  focus  of  the  (weakest)  concave  lens,  which  enables  one 
to  see  distinctly  objects  at  the  greatest  distance.  These  lenses  generally  have  the 
same  number  as  the  spectacles  required  to  correct  the  defect.  Example*— ^ 
myopic  eye  with  a  &r  point  of  8  inches  requires  a  concave  lens  of  8  inches  focus, 
ie.,  the  concave  spectacles  No.  8.  For  the  hypermetropic  (long-sighted)  eye,  the 
ibeal  distaaee  of  the  strongest  convex  lens,  which  enables  the  hypermetropio  eye  to 
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flee  the  meet  distant  objects  distinctly,  is  at  the  same  time  the  distance  of  the'  flsir 
point  from  the  eye.  Example. — A  hypennetropic  eye  which  can  see  the  most 
distant  objects  with  the  aid  of  a  convex  lens  of  12  inches  focus  has  a  far  point  of 
12 ;  the  proper  spectacles  is  convex  No.  12. 

[Dioptric.—^®  focal  length  of  a  lens  used  to  be  expressed  in  inches,  and  as 
the  nnit  was  taken  as  1  inch,  necessarily  all  weaker  lenses  were  expressed  in 
fractions  of  an  inch.  In  the  method  advocated  by  DoDders,  the  standard  is  a  lens 
of  a  focal  distance  of  1  metre  (33*337  English  inches,  about  40  inches),  and  this 
nnit  is  called  a  dioptric.  Thns  the  standard  is  a  weak  lens,  so  that  the  stronger 
lenses  are  multiples  of  this.  Thus  a  lens  of  2  dioptrics  is  =  one  of  about  20  inches 
fixsus  ;  10  dio^Mcs  =>  4  inches  focus;  and  so  on.  The  lenses  are  numbered  from 
No.  1,  t.e.,  1  dioptric  onwards.] 

[It  is  convenient  to  use  signs  instead  of  the  words  convex  and  concave.  For 
convex  the  sign  plus  +  is  used,  and  for  concave  the  sign  minus  -.  Thus  a  +  4*0 
means  a  convex  lens  of  4  dioptrics,  and  a  -  4*0  =  a  concave  lens  of  4  dioptrics.] 

In  an  cases  of  myopia  or  hypermetropia,  the  person  ought  to  wear  the  proper 
spectacles.  In  a  myopic  eye,  when  the  far  point  is  stiU  more  than  5  inches,  the 
patient  ought  always  to  wear  spectacles;  but  generally  the  working  distance,  e,g.y 
for  reading,  writing,  and  for  handicrafts  is  about  12  inches  from  the  eye.  If  the 
person  desires  to  do  finer  work  (etching,  drawing),  requiring  the  object  to  be 
brought  nearer  to  the  eye,  so  as  to  obtain  a  larger  image  upon  the  retina,  then  he 
should  either  remove  the  spectacles  altogether,  or  use  a  weaker  pair. 

The  hypermetropic  person  ought  to  wear  his  convex  spectacles  when  looking  at  ai 
near  object,  and  especially  when  the  illumination  is  feeble,  because  then,  owing  to 
the  dilatation  of  the  pupil,  the  difiusion  circles  of  the  eye  tend  to  become  very  pro- 
nonnced.  It  is  advisable  to  wear  at  first  convex  spectacles,  which  are  slightiy  too 
strong.  Cylindrical  lenses  are  referred  to  under  AstigmcUiam,  Spectacles  pro- 
vided with  dull-coloured  or  blue  glasses  are  used  to  protect  the  retina,  when  the 
light  is  too  intense.  Stenopaic  spectacles  9Te  narrow  diaphragms  placed  in 
front  of  the  eye,  which  cause  it  to  move  in  a  definite  direction,  in  order  to  see 
through  the  opening  of  the  diaphragm. 


391.    Chromatic  and  Spherical  Aberration- 
Astigmatism. 

Chromatic  Aberration  in  the  Eye. — ^AH  the  rays  of  white  lights 
whidi  undergo  refraction,  are  at  the  same  time  brolcen  up  by  dis* 
persion  into  a  bundle  of  rays  which,  when  they  are  received  on  a 
screen,  form  a  spectrum.  This  is  due  to  the  fact  that  the  different 
colours  of  the  spectrum  possess  different  degrees  of  refrangibility.  Tho 
violet  rays  are  refracted  most  strongly ;  the  red  rays  least. 

A  white  point  on  a  black  ground  does  not  form  a  sharp,  simple  image  on  the 
retina,  but  many  coloured  points  appear  after  each  other.  If  the  eye  is  accommo- 
dated so  strongly  as  to  focus  the  violet  rays  to  a  sharp  image,  then  all  the  other 
colours  must  form  concentric  diffusion  circles,  which  become  larger  towards  the 
red.  In  the  centre  of  all  the  circles,  where  all  the  colours  of  the  spectrum  are 
superposed,  a  white  point  is  produced  by  their  mixture,  while  around  it  are  placed 
the  coloured  circles.  The  distance  of  the  focus  of  the  red  rays  from  that  of  the 
violet  in  the  eye  =  0*58-0*62  mm.  The  focal  distance  for  red  is,  according  to 
▼.  Helmholtz,  for  the  reduced  eye,  20*524  mm. ;  for  violet,  20*140  mm.    Hence, 
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the  near  and  far  points  for  violet  light  are  nearer  each  other  than  in  the  case  of 
red  light;  white  objecti,  therefore,  appear  reddish  when  beyond  the  far  point,  bat 
when  nearer  than  the  near  point,  they  are*  violet.  Hence,  the  eye  must  acoom- 
modate  more  strongly  for  red  rays  than  for  violet,  so  that  we  jndge  sed  objects  to 
be  nearer  us  thsn  violet  objects  placed  at  an  equal  distance  (Br&cke). 

KonodLromatio,  or  Spherical  Aberration.— Apart  from  the  deoompositiaii 

or  dispersion  of  white  light  into  its  components,  the  rays  of  white  lights  proceed- 
ing from  a  point  if  transmitted  through  refractive  spherical  surfaces,  we  find  that* 
before  the  rays  are  again  brought  to  a  focus,  the  mar^imal  rays  are  more  strongly 
refracted  thui  those  passing  through  the  central  parts  of  the  lens.  Uenoe,  there 
is  not  one  focus,  but  many.  In  the  eye  this  defect  is  naturally  connected  by  the 
iris,  which,  acting  as  a  diaphragm,  cuts  off  the  marginal  rays  (Fig.  385),  especially 
when  the  lens  is  most  convex,  when  the  pupil  alio  is  most  contracted.  In  addi- 
tion, the  margin  of  the  lens  has  less  refractive  power  than  the  central  substance; 
lastly,  the  margins  of  the  refractive  spherical  sur&ces  of  the  eye,  are  less  curved 
towards  their  margins,  than  the  parts  lying  nearer  to  the  optical  axis.  Ckunpare 
the  form  of  the  cornea  (p.  955),  and  the  lens  (p.  963). 

Imperfect  Centering  of  the  Befraotiye  Surfaces.— -The  sharp  projection 

of  an  image  is  somewhat  interfered  with,  by  the  fact  that  the  refractive  surfaces 
are  not  exactly  centred  (Br&cke).  Thus,  the  vertex  of  the  cornea  is  not  exactly  in 
the  termination  of  the  optic  axis ;  the  vertices  of  both  surfues  of  the  lens  and 
even  the  different  layers  of  the  lens  itself,  are  not  exactly  in  the  optic  axis. 
The  variations,  however,  and  the  disturbances  produced  thereby,  are  very  small 
indeed. 

Regnlar  Astifpnatism. — ^When  the  curvature  of  the  refractive  sac&oes  of 
the  eye  is  unequally  great  in  its  different  meridians,  of  course  the  rays  of  light 
cannot  be  united  or  focussed  in  one  point.  Generally,  in  such  cases,  the  cornea  is 
more  curved  in  its  vertical  meridian,  and  least  in  the  horiaontal  (as  is  ahown  by 
ophthalmometric  measurements,  p.  974).  The  rays  passing  through  the  vertical 
meridian  come  to  a  focus, ^r«^,  in  a  horizontal  focal  line;  while  the  rays  entering 
horizontally,  unite  afterwards  in  a  vertical  line.  There  is  thus  no  conmtion  focus 
for  the  light  rays  in  the  eye;  hence  the  name  astigmatism.  The  lens  also  is 
unequally  curved  in  its  meridians,  but  it  is  the  reverse  of  the  oomea;  consequently, 
a  part  of  the  inequality  of  the  curvature  of  the  cornea  is  thereby  compensated, 
and  only  a  part  of  it  affects  the  rays  of  light.  The  enmietropic  eye  has  a  very 
slight  degree  of  this  inequality  (normal  astigmatism).  If  two  very  fine  lines  of 
equal  thickness  be  drawn  on  white  paper,  so  as  to  intersect  each  other  at  right 
angles,  it  will  be  found  that,  in  order  to  see  the  horizontal  line  quite  sharply,  the 
paper  must  be  brought  slightly  nearer  to  the  eye  than  when  we  focus  the  vertical 
line.  When  the  inequality  of  curvature  of  the  meridians  is  considerable,  of  course 
exact  vision  is  no  longer  possible. 


Fig.  396. 


Action  of  an  astigmatic  surface  on  a  cone  of  light  (Pickard  and  Curry,  after 

Donders). 


FUKcnoNS  or  the  iris. 
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{Fig.  396  shows  the  efifect  of  an  astigmatkr  surface  on  the  rays  of  light.  Let 
abed  he  such  a  surface,  and  suppose  diverging  rays  to  proceed  from  /.  The 
rays  passing  through  c  d  come  to  a  focus  at  /i,  while  those  passing  through  the 
Tertical  meridian  are  focussed  at  /§.  The  outline  of  the  cone  of  rays  between 
abed  and  /s  varies,  as  shown  in  the  figure.  At  a  certain  part  it  is  oval,  with 
its  axis  vertical,  at  another  the  long  axis  of  the  oval  is  horizontal,  while  at  other 
places  it  is  circular,  or  the  rays  are  focussed  in  a  horizontal  or  vertical  line.] 

Correction* — This  condition  is  corrected  by  a  q/lindriccd  lens,  t.e.,  a  lens  so 
cut  as  to  be  without  curvature  in  one  direction,  while  in  the  other  direction 
{vertical  to  the  former)  it  is  curved.  The  lens  is  placed  in  front  of  the  eye,  so 
that  the  direction  of  its  curvature  coincides  with  the  direction  of  least  curvature 
of  the  eye  (v.  Helmholtz,  Knapp,  Bonders).  The  section 
Cabcd  of  the  cylindrical  lens  (Fig.  397)  represents  a  plano- 
convex, the  section  Cafiyi,  a  concavo-convex  lens. 

[Test. — Draw  two  lines  of  equal  thickness  at  right  angles  to 
each  other.  An  astigmatic  person  cannot  see  both  lines  with 
equal  distinctness  at  the  same  time,  one  line  will  appear  thicker 
than  the  other.  Or  a  series  of  lines  radiating  from  a  centre  may 
be  used;  when  that  line  which  is  parallel  to  the  astigmatic 
meridian  will  be  seen  most  distinctly ;  while,  with  the  vertical 
meridian  most  curved,  it  would  be  the  vertical  line.] 

Irregular  Astigmatisin. — Owing  to  the  radiate  arrangement 
of  the  fibres  in  the  interior  of  the  crystalline  lens,  and  in 
consequence  of  the  unequal  course  of  the  fibres  within  the 
different  parts  of  one  and  t?ie  same  meridian  of  the  lens,  the 
rays  of  light  passing  through  one  meridian  of  the  lens,  cannot  all 
be  brought  to  one  focus.  Hence  we  do  not  obtain  a  distinct 
sharp  image  of  distant,  luminous  points,  such  as  stars  or 
street-lamps,  but  we  see  a  radiate,  jagged  figure  provided 
with  rays.  The  same  obtains  on  holding  a  piece  of  cardboard, 
with  a  small  hole  in  it,  towards  the  light,  at  a  distance  from  the  eye  slightly 
greater  than  the  far  point.  Slight  degrees  of  this  irregular  astigmatism  are 
normal,  but  when  it  is  highly  developed,  it  greatly  interferes  with  vision,  by 
forming  several  foci  of  an  object,  instead  of  one  {Polyapia  manocularis).  Of 
course,  this  condition  cannot  obtain  in  an  eye  devoid  of  a  lens. 
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392.  The  Iris. 


FnnctioiUL — 1.  The  iris  acts  lilce  a  diaphragm  of  an  optical  apparatus, 
by  cutting  off  the  marginal  rays  (Fig.  385,  p.  973),  which,  if  they 
entered  the  eye,  would  cause  spherical  abenation,  and  thus  produce 
indistinct  vision. 

2.  As  the  pupil  contracts  strongly  in  a  bright  light,  and  dilates 
when  the  light  is  feeble,  it  regulates  the  amount  of  light  entering  the 
eye ;  thus  fewer  rays  enter  the  eye  when  the  light  is  strong,  than  when 
it  is  feeble. 

3.  To  a  certain  extent  it  supports  the  action  of  the  ciliary  muscle. 
Muscles  and  Nerves. — The  iris  is  provided  with  two  sets  of  muscular 

fibres — ^the  sphincter,  which  immediately  surrounds  the  pupil  (p.  959), 
and  is  supplied  by  the  oculomotorius  (§  345,  2),  and  the  dilaior  pupUhR 
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(p.  959),  stipplied  chiefly  by  the  oervical  sympathetic  (§  356,  A,  1),  and 
the  trigeminoB  (p.  793, 3).  Both  mnsdes  stand  in  an  anlagomstic  relation 
to  each  other  (p.  676) ;  hence  the  pupil  dilates  after  section  or  paralysis 
of  the  oculomotorins  (p.  676),  owing  to  the  contraction  of  the  dilator 
fibres  which  are  supplied  by  the  cervical  sympathetic ;  conversely,  the 
pupil  contracts  when  the  sympathetic  is  divided  or  extirpated  (Petit, 
1727).  When  both  nerves  are  stimulated  simultaneously,  the  pupil 
contracts,  so  that  the  excitability  of  the  oculomotorins  overcomes  the 
sympathetic. 

Herves.— Anistein  and  A.  Meyer  have  studied  the  mode  of  terminatioii  of  the 
nerve-fibrea  in  the  iriflb  All  the  mednllated  nerve-fibres  lose  their  white  sheaths 
after  a  time ;  most  of  the  fibres  {motor)  in  the  region  of  the  sphincter  consist  of 
naked  bundles  of  fibrils.  A  net-work  of  very  delicate  9tn9ory  nerves  lies  under 
the  anterior  epithelimn.  Numeroos  fibrils  pass  to  the  capillaries  and  arteries  as 
«aso-fitotor  nerves,  [Many  ganglionic  cells  are  intercalated  in  the  course  of  the 
fibres.] 

Kovements  of  the  iris  occur  under  the  following  conditions : — 

1.  Action  of  light  on  the  retina  causes  (according  to  its  intensity  and 
amount)  a  corresponding  contraction  of  the  pnpil;  the  same  effect  is  produced  hj 
BtSmvlation  qf  the  optic  nerve  itself  (Herbert  Mayo,  tl852).  This  movement  is  a 
reflex  act,  [the  afferent  nerve  being  the  optic,  and  the  efferenl  the  oculomotorins; 
the  impulse  is  transferred  from  the  former  to  the  latter  in  a  centre  situated  some- 
where below  the  corpora  quadrigemina  (Fig.  398,  C)]. 

The  older  observers  locate  the  centre  in  the  corpora  quadrigemina,  the  recent 
observers  in  the  medulla  oblongata  (p.  940).  Both  pupils  always  react,  although 
only  one  retina  be  stimulated,  generally  under  normal  circumstances  both  con- 
tract to  the  same  extent  (Donders),  owing  to  the  intercentral  communication 
[ooupUng]  of  the  two  pupillo-constrioting  centres.  [This  is  called  oonseninal 
contraction  of  the  pupil.]  After  section  of  the  optic  nerve  the  pupil  dUatee,  and 
subsequent  section  of  the  oculomotorius  no  longer  produces  any  further  dilatation 
(Knoll). 

2.  The  centre  for  the  dilator  fibres  of  the  pnpil  (pnpillo-dilating  centre) 

is  excited  by  dyspnmc  Mood  (§  367,  8).  If  the  dyspnoea  ultimately  passes  into 
asphyxia,  the  dilatation  of  the  pupil  diminishes.  Of  course,  if  the  peripheral 
dilating  fibres  (p.  793,  3)  [e»g.,  the  sympathetic  nerve  in  the  neck]  be  previously 
divided,  this  effect  cannot  take  place,  as  the  dyspnoeio  blood  acts  on  the  centrtj 
and  not  on  the  nerve-fibres. 

3.  The  centrSi  as  well  as  the  subordinate  '^cUiospinai  region"  of  the  spinal 
cord  (§  362,  1),  is  also  capable  of  being  excited  r^fl^y ;  painful  stimulation  of 
sensory  nerves,  in  addition  to  causing  protrusion  of  the  eyeballs  (p.  795),  a  fact 
proved  in  the  case  of  persons  subjected  to  torture,  produces  dilatation  of  the 
pupils  ( Amdt,  Bernard,  Westphal,  Luchsinger) ;  while  a  similar  effect  is  caused 
by  labour  pains,  a  loud  call  in  the  ear,  stimulation  of  the  nerves  of  the  sexual 
organs,  and  even  by  slight  tactile  impressions  (Fok  and  Schiff).  According  to 
Bechterew,  the  foregoing  results  are  due  to  inhibition  of  the  light-reflex  in  the 
sense  expressed  in  §  361,  3. 

4.  The  condition  of  the  blood^esiels  of  the  iris  influences  the  sise  of  the 
pupil;  all  conditions  causing  injection  or  congestion  of  these  vessels  contract  the 
pupil,  all  conditions  diminishing  them  dilate  it.  The  pupil,  therefore,  is  con" 
traded  hj  forced  expirtUion,  which  prevents  the  return  of  venous  blood  from  the 
head,  momentarily  by  every  puUe-Ifeaty  owing  to  the  diastolic  filling  of  the 
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arteries;  dinMiution  of  the  in6raocular  preamre — e,g^  after  puncture  of  the  anterior 
chamber,  because,  owing  to  the  diminished  intnuwnlar  presBore,  there  is  lees 
resistance  to  the  passage  of  blood  into  the  blood-vessels  of  the  iris  (Hensen  and 
y&lckers) ;  paralysis  of  the  vaso-motor  fibres  of  the  iris  (p.  793,  2).  Conversely, 
the  pupil  is  dilated  by  conditions  the  reverse  of  those  already  mentioned,  and  also 
by  strong  mu8cuiar  exertion,  whereby  blood  flows  freely  into  the  dilated  muscular 
blood-vessels ;  also  when  death  takes  place.  The  condition  of  the  filling  of  the 
blood-vessels  also  explains  the  £Mt,  that  the  pupil  dilated  with  atropin  becomes 
smaller  when  a  part  of  the  sympathetic  in  the  upper  cervical  ganglion,  carrying 
the  vaso-motor  fibres  of  the  iris,  is  excised ;  also  that  after  extirpation  of  this 
ganglion,  atropin  always  causes  a  less  diminution  of  the  pupil  on  this  side.  The 
fact  that  when  the  pupil  is  already  dilated  by  stimulation  of  the  sympathetic,  it  is 
further  dilated  by  atropin,  is  due  to  a  diminished  injection  of  the  blood-vessels 
of  the  iris.  If  an  animal  with  its  pupils  dilated  with  atropin  be  rapidly  bled, 
the  pupils  contract,  owing  to  the  anaemic  stimulation  of  the  origin  of  the  oculo- 
motorius  (Moriggia).  The  dilatation  of  the  pupils  observed  in  cases  of  neuralgia  of 
the  trigeminus  is  partly  due  to  the  stimulation  of  the  dilating  fibres  (p.  793,  3), 
partly  to  the  stimulation  of  the  vaso-motor  fibres  of  the  iris  (p.  793,  2). 

6.  Contraction  of  the  pupil  occurs  as  an  assooiated  mOYeineilt  during  accamr 
modcUion  for  a  near  object  (p.  980,  5),  and  when  the  eyebcdU  are  rotated  itwarda, 
which  is  the  case  during  sleep  (p.  909).  Conversely,  intense  movements  of  the  iris, 
caused  by  variations  in  the  brightness  of  daggling  illumination— 6.^.,  of  the  electric 
light — are  followed  by  disturbing  associated  movements  of  the  ciliaiy  muscle 
(Ljubinsky).  In  certain  movements  discharged  from  the  medulla  oblongata 
(forced  respiration,  chewing,  swallowing,  vomiting),  dilatation  of  the  pupil 
occurs  as  a  kind  of  associated  movement 

[ATyyll  Bobertson  Pupil. — l^^  this  condition,  the  pupil  does  not  contract  to 
light,  although  it  contracts  when  the  eye  is  accommodated  for  a  near  object,  vision 
usually  being  normal.  The  lesion  is  situated  in  those  structures  connecting  the 
afferent  and  efferent  fibres  at  their  central  ends  (at  A  in  Fig.  398),  ie.,  the  con- 
nection between  the  corpora  quadrigemina  and  the  ocnlomotorius.  It  is  most 
frequently  found  in  locomotor  ataxia,  although  it  also  oocoia  in  progressive 
paxtdysis  of  the  insane.] 

Direct  stimulation  at  the  margin  of  the  cornea  causes  dilatation  of  the  pupil 
(E.  H.  Weber) ;  in  fact,  direct  stimulation  of  droumscribed  areas  of  the  margin 
of  the  iris  causes  partial  contraction  of  the  dilator  fibres  (Bernstein  and  Bogiel). 
Stimulation  nearer  the  centre  of  the  cornea  contracts  the  pupil  (£.  H.  Weber). 
In  addition,  we  must  assume  that  the  iris  itself  contains  elements  that  influence 
the  diameter  of  the  pupil  (Sig.  Mayer  and  Pribram). 

Our  knowledge  of  the  aotion  of  poisoiis  on  the  iris  is  still  very  obscure.  Those 
substances  which  dilate  the  pupil  are  called  mydriatlCJI — s>fl^*»  atropin,  hom- 
atropin,  duboisin  (Tweedy,  v.  Hasner),  daturin,  and  hyoscyamin.  They  act  chiefly 
by  paralysing  the  ocnlomotorius.  But,  in  addition,  there  must  be  also  an  effect  upon 
the  dilating  fibres,  for,  after  complete  paralysis  (section)  of  the  ocidomotorius,  the 
moderate  dilatation  of  the  pupil  thereby  produced  (§  345,  6)  is  still  further  increased 
by  atropin.  Minimal  doses  of  atropin  contract  the  pupil,  owing  to  stimulation  of 
the  pupillo-constrictor  fibres;  enormovLS  doses  cause  moderate  dilatation  of  the 
pupil  in  consequence  of  paralysis  of  the  dilating,  as  well  as  of  the  constricting 
nerve-fibres.  Atropin  acts  after  destruction  of  the  ciliary  [ophthalmic]  ganglion 
(Hensen  and  Vt^lckers),  and  in  the  excised  eye  (De  Ruyter,  Kottmann). 

[Cocaine,  or  CJucaine,  is  obtained  from  the  leaves  of  Erythroxylon  coca.  When 
applied  locally  it  acts  as  a  powerful  local  anesthetio,  and  hence  it  is  very  useful 
for  operations  about  the  muoo-cutaneous  orifices.  A  4  per  cent,  solution  dropped 
into  the  eye  produces  complete  insensibility  of  the  cornea  in  a  ftw  minutes.  It 
causes  dilatation  of  the  pupils,  though  they  react  to  light,  and  to  the  movements  of 
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koeominocUilJon.  It  alto  cmaM  tempor&ry  paralyiU  of  &ccomniod«tioii,  *  Miua- 
tion  of  hckTineu  and  coldnan  of  the  eyeball,  enlargement  of  tbe  palpebral  fiaaora, 
ooDitriction  of  tbe  bdmU  peripberal  fe8MlB,[aiid  alight  lachrymation.] 

HyOtioi  are  those  snbstancea  which  eonfnid  thepupil  :—/'A^KMl^iR  (  =  Eaerio, 
the  ukaloid  of  Calabar  beau),  oicotiii,  pilocarpin,  muacarin,  moiphin,  according 
^  to  tome  ob>ervera  (Griinhagen)  canae 

stimolation  of  the  ocnlomotonua, 
while  others  (Eirschmann,  Roaen- 
thai)  aay  tliBy  paralyse  the  eympa- 
thetic.  Ai  these  aQbatMicea  canae 
apasm  of  the  ciUary  mnacle,  it  ia 
anppoeed  that  the  &tt  of  these  bai 
an  analogous  action  on  the  sphincter. 
It  ia  probable  tliat  they  paralyse 
the  dilator  fibres  and  atimulate  the 
oculomotor  libres. 

If  the  oue  pupil  be  contracted  or 
dilated  by  these  anbttancea,  the 
other  pupil,  conversely,  is  dilated  or 
contracted,  on-ing  to  the  change  in 
the  amount  of  light  admitted  into 
the  eye  into  which  the  pinaon  has 
been  introduced. 

The  annithfltici  (ether,  chloro- 
form, alcohol,  etc),  when  they  begin 
to  cause  stupor,  contract  the  pupil, 
and  when  their  action  ia  intense, 
they  dilate  ittDogiel).  Chloroform, 
"B,'&«^o"pSirc7;doirii'«.i.;  '^-H  "'  -t^  "t"  i"»"«»  «- 
D,  «ll.te  ™,ln,  (■pM);  E,  Iri.;  G.  "••""'  (P"«»i"J  H'  """J"). 
opSc  ■»,..;  H,  ™lon.otor  (^M«.t.r)  ■'■»"1"»  "■•  "»'"  '"  «"  J^ 
,U.t  U  ,,mp.tl»tic  (da,U,):  K,  L,  ""»  °'  "•  ft'''  f"  '  '"• 
«.tnior  M,  fM,  N,  0,  pattri.r  roof ;  <l>".f"tr.  »  p/«dy«d,  «,  Ital  11. 
i,  mt  rf  l«lo»,  cidng  pupilUry  i»-  I"?''  •'  '"•'"  ,'"''",."^  "'j''' 
_  1.-1  ._     •  1.  11  1^1-         cation  of eitemal  stimnli.  Tbereaiter 

mobility;    *,   prot)able   seat  of  lesion,     .  .„  .  .  ^  .     .  ™'" 

cauamg  myoua. 


the  pupiUo-constrictorci 

ulated,  whereby  the   pupil  may  be 

's  head ;  ultimately  this  centre  ia  panljaed,  and  the 


contracted 

Intraoonlax  Preiinn. — The  movements  of  the  iris  are  alwayi  acoompanied 
by  variations  of  the  intraocular  preasura.  Tbe  muscles  of  the  iris  aflect  the 
intraocular  [leisure,  in  that  the  dilatation  of  the  pupil  increoaea  it,  while 
coDtractdou  of  the  pupil  diminishes  it.  The  increaaed  or  diminiahed  tension 
can  be  felt  when  two  fingers  are  pressed  on  the  eyebalL  Stimulation  of  tba 
sympathetic  tncreaees,  while  its  section  diminishes  the  presaure.  Atropin  dropped 
into  the  eye,  after  producing  a  short  temporary  diminutioii  of  the  tension, 
increaaes  it ;  eserin,  after  a  primaiy  increase,  causes  a  diminution  of  the  presaure 
(GraseraudHOlzke), 

The  reflex  dilatation  of  tbe  pupil  occurs  slightly  later  than  the  reflei  con- 
traction, the  time  in  the  two  cases  being  0*5  and  0'3  second  reipactiTely  after 
atimnlatioD  by  light  (v.  Vinttchgao.)  A  certain  time  always  elapeea,  nntil  tbe 
iris,  corresponding  to  the  strength  of  the  EtimalDS  of  light  exciting  the  retina, 
"  adapts  "  (Anbert)  itself  t«  produce  a  suitable  size  of  the  popiL     Contnwtion  of 
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tha  pnpl  occur*  very  niodly  tftar  atimnUtion  of  the  ocnlomotoriui  in  birda ;  in 
mbbiti  0'89  Eecond  (Arlt,  jon.)  ebipM*  after  atimiiUtiou  of  the  syiDpstlietio,  nntil 
the  dilatation  begins, 

Ezoised  Eye.— IJgbt  canaes  contraction  of  tbe  pnpil  in  the  txc'ftd  eye  of 
amphibiaaB  and  flshea  (Arnold,  Bodge).  Even  the  irU  of  the  eel,  wheo  cnt  oat  and 
placed  in  normal  saline  aolation,  contracts  to  light  (Arnold,  Gysi  and  Luchainger), 
the  green  and  blue  rays  being  moat  active. 

InrTtate  <if  the  temptnUim  canaes  mydriaaii  in  tbe  eiciaed  eye  of  the  frog  or  eel, 
while  cooling  caoMt  myotis  (H,  MiilUr,  Biernalh). 

[BiC6  of  the  Pnpil. — Jonathan  Hutchinson  recommends  \  pupUomeIrr,  conaiat- 
ing  of  a  metal-plate  perforated  with  a  series  of  boles  of  different  sizea.  Tbe 
emnllesthole  meotnroa  about  ^  of  a  line,  and  the  largest  is  4(  lines.  Tho  plate  is 
placed  just  below  the  patient's  eye,  and  the  hole  ia  selected  which  correaponda  with 
the  size  of  the  pupil.] 

[Qorham'fl  Fnpil  Photometflr.— Tbia  ingenious  instrument  may  be  used  as  a 
pupilomtler,  and  iJao  as  a  photometer.  It  consiata  of  a  piece  of  bronzed  tubing 
(Fig.  399,  and  400),  1-9  in,  long  and  1-5  in.  diameter.  One  eod  is  closed  by  a  disc 
or  cap  {Elg.  399),  which  is  pierced  in  its  radii  by  a  series  of  holes  at  distances 
rarying  from  -05  in.  to  -23  in.  There  ia  a  slot  iu  the  cap  which  allows  oiie  pair  of 
boles  to  be  visible  at  a  time,  while  on  the  cylinder  is  engraved  the  linear  distance 
of  each  pur  of  holes.  In  using  the  instrument  as  a  pupilomfter,  look  through  the 
open  end  of  the  tube  (the  bottom  in  Fig.  340),  with  both  eyes  open,  towards  a  sheet 
of  white  paper  or  the  shy,  when  two  disca  of  light  will  be  seen.  Then  revolve 
the  lid  or  cap  a]owly  until  tbe  two  white  discs  jiuf  touch  out  anolher  al  their  edjtt. 
The  decimal  fraction  opposite  the  two  aperturea  seen  on  the  acale  ontaide  indicates 
the  diameter  of  the  pupil  in  lOOths  of  an  iucb.  ] 


Fig.  399. 


Fig.  34a 


Gorham's  pupil  photometer— Fig.  399  shows  the  disc  with  a  slot  and  two  boles; 
Fig.  400  the  instrument  from  the  side,  with  the  diameter  of  the  pupil  marked 
on  its  side.     The  upper  end  is  closed  by  the  disc,   while  the  lower  end  is 

[When  nwng  it  as  a  pholomtter,  it  is  assumed  that  the  aire  of  the  pnpil  gi»ea  an 
index  of  the  intensity  of  the  amount  of  light  which  iuflaeaces  the  diameter  of 
the  pai^l.] 
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393.  Eutopticai  Fbenomena. 

;  rxBOXPTiov  OF  ram  lyihs  witedi  tex  xtx  ur  oovsiaimos  a 
BnicvunoH  oj  tek  betiva. 

Entoptical  phenomena  depend  upon  ths  perception  of  objects  preeent 
within  the  eyeball  itself.     Amongst  them  are — 

!■  SllAdoVB  u«  fonned  upon  the  retina  bj  different  opaqne  bodies.  In  order 
to  Bee  thttu  in  one's  own  eye  proceed  thn* : — By  meana  of  a  ibtmg  convex  low 
project  a  smill  image  of  a  flaine  npcm  a  paper  acreen,  prick  a  small  opening 
through  the  image  of  the  flame^  and  place  one  eye  at  the  other  aide  of  the  ecreok, 
■o  that  the  iUuminated  puDcture  lies  in  the  anterior  focna  of  the  eye^  Le.,  about 
13  mm.  in  front  of  the  cornea.  M  the  rayi  proceeding  from  thii  pt^t  paa 
parallel  through  the  media  of  the  eye,  a  diffuse  bright  field  of  vinoD,  sorroDnded 
by  the  black  margins  of  the  iris,  ia  obtained.  All  dark  bodies  which  lie  in  the 
course  of  the  rayi  of  light,  throw  a  shadow  upon  the  retina,  and  appear  as  specLc 
There  are  varioDs  forms  of  these  shadows  tFig.  401}. 

(a)  The  ipeotnlm  maoro-lacrimale,  eapeclally  apon  the  margin  of  the  eyelids, 
depending  upon  particles  of  mucoe,  fat  globules  from  the  Meibomian  gland*,  da«t 
mixed  with  tears,  causing  cloudy  or  drop-like  retinal  ahadowB,  which  are  removed 
1)y  winking. 

(b)  Foldi  in  the  Comes. — If  the  cornea  be  pressed  laterally  with  the  finger, 
wrinkled  shadows,  due  to  temporary  wrinkles  in  the  oomea,  are  prodnoed, 

(c)  liens'  ShadOTi. — Bead-like  or  dark  specks,  bright  and  star-like  fignreiv 
the  former  due  to  deposits  on  and  iu  the  lens,  the  latter  to  the  radiate  Btmctilre  of 
the  lens. 

((f)  The  mOBCS  TOlitantSt  (Deohale*,  1690),  like  strings  of  beads,  ordes, 
groups  of  balls  or  pale  stripM,  depend  npon  opaqne  particles  (cells,  disintegrating 
«ells,  granular  fibres — Donders,  Duncan)  in  the  vilrfou*  hioKour.  They  move  about 
when  the  eye  is  moved  rapidly.  Listing  {IS45)  showed  that  one  may  dotennine 
pretty  accurately  the  position  of  these  ol^ects.  Whil«t  ""^'"g  the  iilmii  islillii 
npon  one's  own  eyes,  raise  or  depress  the  source  of  light,  thoae  shadow*  whioh  aie 
oaosed  by  bodies  on  a  level  with  the  pupil,  retain  their  relative  pootuma  in  tbe 
hright  field  of  vision.  Shadows,  which  appear  to  move  fn  the  same  direotkot  a*  Uie 
■oniee  of  light,  an  caused  by  bodiea,  which  lie  in/ron<  of  the  plane  of  the  piqal-- 
those,  however,  which  ^ipear  to  move  in  the  oppodte  direction,  dqwod  upon 
objada  behind  the  plane  of  the  pnpiL 


Fig.  401. 
Entoptical  Studowa. 
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2<  Parkblje's  flgnre  (1819)  depends  upon  the  blood-veflflelB  within  the  letinft, 
-which  cast  a  shadow  upon  the  most  external  layer  of  the  retina,  viz.,  upon  the  rods 
and  cones,  these  being  the  parts  acted  upon  by  light.  In  ordinary  vision  we  do  not 
observe  these  shadows.  According  to  v.  Helmholtz,  this  is  due  to  the  fact  that  the 
sensibility  of  the  shaded  parts  of  the  retina  is  greater,  and  their  excitability  is  less 
exhausted,  than  all  the  other  parts  of  the  retina.  As  soon,  however,  as  we  change 
the  position  of  the  shadow  of  the  blood-vessels,  instead  of  being  directly  behind,  so 
that  the  blood-vessels  come  to  lie  more  lateraily  and  behind  them,  t.e.,  upon  places 
which  do  not  receive  shadows  from  the  blood-vessels  when  the  rays  of  light  pass 
through  the  eye  in  the  ordinary  way,  then  the  figure  of  the  blood-vessels  becomes 
apparent  at  once.  All  that  is  necessary  is  to  cause  the  light  to  enter  the  eyeball 
obliquely. 

Kethod.— 1.  This  may  be  done  by  passing  an  intense  light  through  the  sclerotic, 
€.^.,  by  throwing  upon  tiie  sclerotic  a  small,  bright,  luminous  image  from  a  source 
of  light.  On  moving  the  source  of  light,  the  figure  of  the  blood-vessels  moves  in 
the  same  direction.  2.  Look  directly  upwards  to  the  sky,  wink  with  the  upper 
eyelid  drooping,  so  that  for  a  moment,  corresponding  to  the  act  of  winking,  rays  of 
Hght  enter  obliquely  the  lowest  part  of  the  pupils.  3.  Look  through  a  small 
aperture  towards  a  bright  sky,  and  move  the  aperture  rapidly  to  and  fro,  so  that 
from  both  sides  of  the  blood-vessels  shadows  fall  rapidly  upon  the  nearest  series  of 
rods  and  cones.  4.  Li  a  darkened  room,  look  straight  ahead,  and  move  a  light  to 
and  fro  close  under  the  eyes.  Occasionally,  whilst  performing  this  experiment, 
one  may  see  the  macula  lutea,  as  a  non-vascular,  shaded  depression  (Purki^je, 
Burow),  and,  owing  to  the  inversion  of  the  objects,  it  lies  on  the  inner  side  of  the 
entrance  of  the  optic  nerve. 

3.  Observing  the  MoYements  of  the  Blood-Corpuscles  in  the  Betinal 

Capillaries  (Boisser). — On  looking,  without  accommodating  the  eye,  towards  a 
large  bright  surfiftce,  or  through  a  dark-blue  glass  towards  the  sun,  we  see  bright 
spots,  like  points,  forming  longer  or  shorter  chains,  moving  in  tortuous  paths, 
^e  phenomenon  is,  perhaps,  caused  by  the  red  blood-corpuscles  (in  the  capillaries 
posterior  to  the  external  granular  layer— His)  acting  as  small  light-collecting  con- 
cave discs,  concentrating  the  light  falling  upon  them  from  bright  surfaces,  and 
throwing  it  upon  the  rods  of  the  retina.  Each  corpuscle  must  be  in  a  special  posi- 
tion ;  should  it  rotate,  the  phenomenon  disappears.  Vierordt,  who  projected  the 
movement  upon  a  screen,  calculated,  from  the  velocity  of  their  motion,  the  velocity 
of  the  blood-stream  in  the  retinal  capillaries  as  equal  to  0*5-0*75  mm.  in  a  second, 
which  corresponds  very  closely  with  the  residts  obtained  directly  in  other  capillaries 
by  E.  H.  Weber  and  Volkmann  (§  90,  4).  When  the  carotids  are  compressed,  the 
movement  is  slower  on  freeing  them  frt>m  the  compression ;  during  short  forced 
expirations  the  movement  is  accelerated  (Landois). 

4.  The  entoptical  pulse  (§  79,  2 — Landois)  depends  upon  the  pulsating  retinal 
arteries  irritating  mechanically  the  rods  lying  outside  them. 

5.  Pressure  Phosphenes. — Pressure  applied  to  the  eye  causes  a  series  of 
phenomena : — (a.)  Partial  pressure  upon  the  eyeball  causes  the  so-called  illuminated 
^'pressure-picture"  or  phosphene^  which  was  known  to  Aristotle.  As  the  im- 
pression upon  the  retina  Ib  referred  to  something  outside  the  eye,  the  phosphene  is 
always  perceived  on  the  side  of  the  field  of  vision  oppoake  to  where  the  pressure 
affects  the  retina,  e.g,,  pressure  upon  the  outer  snr&ce  of  the  eyeball  causes  the 
flash  of  light  to  appear  on  the  inner  side.  If  the  retina  is  not  well  lighted,  the 
phosphene  appears  luminous ;  if  the  retina  is  well  lighted  it  appears  as  a  dark 
speck,  within  which  the  visual  perception  is  momentarily  abolished.  (6.)  If 
a  uniform  pressure  be  applied  to  the  eyeball  continuously  from  before  backwards, 
as  Purkinje  pointed  out,  after  some  time  very  sparkling,  variable  figures  appear  in 
ihe  field  of  vision,  which  perform  a  wonderful,  fantastic  play,  and  often  resemble 
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fhe  ipvUiiig  effects  obttaned  in  a  kaleidoeoope  (▼.  Helmholtz),  and  are  probftbly 
oompMnble  to  the  feeUng  of  f onnioAtioii  produced  by  pressure  upon  s^iseiy 
nerves  ("sleepiDg  of  the  limbs"),  (e.)  By  applying  equable  and  continued 
pressure,  Steinbach  and  Purkinje  observed  a  net- work  with  moving  contents  of  a 
bluish  silvery  colour,  which  seemed  to  oorrespoud  to  the  retinal  veins.  Vierardfe 
and  Laiblin  observed  the  branching  of  the  blood-vessels  of  the  choroid  as  a  red  net- 
work upon  a  black  ground.  (c2.)  According  to  Houdin,  we  may  detect  the  positioa 
of  the  yellow  spot  by  pressure  upon  the  eyeball. 

6.  The  entmiOd  of  tha  optio  WTYB  may  be  detected  on  moving  the  eyea 
rapidly  backwards,  and  eqwcially  inwards,  as  a  fiery  ring  or  semi-circle  about  the 
aiae  of  a  pea^  Probably,  owing  to  the  movement  of  the  retina,  the  entrance  of  tha 
optic  nerve  is  stimulated  mechanically  by  the  rapid  bending.  Purkinje  and  othera 
.observed  that  the  ring  remained  persistent  on  turning  the  eye  strongly  inwards. 
If  the  retina  be  brightly  illuminated,  the  ring  appears  dark,  and  when  the  field  of 
vision  is  coloured  the  ring  has  a  different  tint.  If  Parkin je's  figure  be  produced  at 
the  same  time,  one  may  observe  that  the  vascular  trunk  proceeds  from  this  ring— 
a  proof  that  the  ring  oorresponds  to  the  entrance  of  the  optic  nerve  (Landoia). 

7-  Aocommodatioa  Spot. — ^  accommodating  the  eye  strongly  towards  a 
surface,  there  appears  in  the  middle  a  small,  bright,  trembling  shimmer,  and 
in  ita  csntre  a  coarse  brown  speck,  about  the  size  of  a  pea,  is  seen  (Purkinje, 
Hehnholts).  If  pressure  be  iqpplied  externally  to  the  eyeball,  this  speck  becomea 
more  distinct  After  having  once  observed  the  phenomenon,  occasionally  we  may 
see  it  on  pressing  latendly  upon  the  opened  eye,  as  a  bright  speck  in  the  field  of 
vision— another  proof  that  the  intraocular  pressure  is  increased  during  acoonunoda- 
tion  (Landois). 

6-  Koohaaical  OptiOftl  Stisuilatioil* — On  dividing  the  optic  nerve  in  man, 
as  in  extirpation  of  the  eyeball,  a  flash  of  light  is  observed  at  the  moment  of  section 
by  the  person  operated  on.  The  section  of  the  nerve<fibres  themselves  ia  pain- 
less, but  the  sheaths  are  painful. 

9.  The  aOCOnunodatioil  photpbone  (Purkii^e,  Czermak)  is  the  occurrence  of 
a  fiery  ring  at  the  periphery  of  the  field  of  vision,  seen  on  suddenly  bringing  the 
eyes  to  rest,  after  accommodating  for  a  long  time  in  the  dark.  The  sudden  tension 
of  the  zonule  of  Zinn  resulting  from  the  relaxation,  causes  a  mechanical  stretching 
ol  the  outermost  part  of  the  margin  of  the  retina,  or  it  may  be  of  a  part  of  the 
retina  behind  this  (Hensen  and  VOlckers,  Berlin).  Purkinje  observed  the 
phenomenon  after  suddenly  relaxing  pressure  on  the  eye^ 

10.  Eleotrieal  Phenomena. — Electrical  currents,  when  applied  to  the  eye,, 
cause  a  strong  flash  of  li^t  over  the  whole  field  of  vision.  One  pole  of  the  battery 
may  be  placed  on  the  upper  eyelid  and  the  other  on  the  neck.  The  flash  at  closing 
[making]  the  current  is  strongest  with  an  ascending  current,  that  with  opening 
[breaking]  the  cuxrent  with  a  descending  current  (v.  Helmholtz).  If  a  uniform,  con- 
tinuous, CL9cendmg  current  be  transmitted  through  the  closed  eyes,  the  daxk.  disc  of 
the  elevation  at  the  entrance  of  the  optic  nerve  appears  in  a  whitish,  violei  field  of 
vision;  with  a  deaeending  current,  the  field  of  vision  is  reddish  and  dark,  in  which 
the  position  of  the  optic  nerve  appears  light  blue  (v.  Helmholtz).  If  external 
colours  are  looked  at  simultaneously,  these  colours  blend  to  form  a  viokt  or 
yellow,  with  the  colours  looked  at  (Schelske).  During  the  passage  of  the  ascend- 
ing current,  we  see  external  objects  indistinctly,  and  smaller  when  the  eyes  are 
open;  while,  with  the  descending  current,  they  are  moro  distinct  and  Uvrfjer 
(Bitter).  Sometimes  the  position  of  the  macula  lutea  appears  dark  on  a  bright 
ground,  or  the  reverse,  according  to  the  direction  of  the  current.  If  the  current 
be  opened  [broken]  the  phenomena  are  reversed  (}  335),  and  the  eye  soon  retnraa 
to  rest  (v.  Helmholts). 

IL  The  yellow  tpot  appears  sMMtimee  ss  a  dark  circle,  when  there  is  a 
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nnifoim  blue  iUumination.  In  a  strong  light,  the  position  of  the  yellow  spot  is 
surrounded  hf  %  bric;ht  area,  twice  or  thrioe  as  large,  called  *'  L6we^8  ring.*^ 

[Clerk-Maxwell's  Bxperiment.— On  looking  through  a  solution  of  chrome- 
alum  in  a  bottle  or  vessel,  with  parallel  glass  sides,  we  observe  an  oval  purplish 
spot  in  the  green  colour  of  the  alum.  This  is  due  to  the  pigment  of  the  yellow 
spot.] 

Haidinger'8  Brushes. — On  directing  the  eye  towards  a  source  of  polarised 
light,  "  Haidinger's  polarised  brushes  **  appear  at  the  point  of  fixation.  They  are 
seen  on  looking  through  a  Nxcors  prism  at  a  bright  dond  (v.  Helmholtz).  They 
are  bright  and  bluish  on  a  surface,  bounded  by  two  neighbouring  hyperbola,  oil 
a  white  field;  the  dark  bundle  separating  them,  is  smallest  in  the  centre,  and 
yellow.  Of  the  various  colours  of  homogeneous  light,  blue  alone  shows  the  brushes 
(Stokes).  According  to  v.  Helmholtz,  the  seat  of  the  phenomenon  is  the  yellow 
spot,  and  is  due  to  the  yellow-coloured  elements  of  the  yellow  spot  being  slightly 
doubly  refractive,  while  at  one  part  they  absorb  more,  at  another  less,  of  the  rays 
entering  the  eye. 

12.  Lastly,  there  are  the  visual  sensations  depending  on  internal  canses— <?*S^*» 
increased  bounding  of  the  blood  through  the  retina,  as  during  violent  coughing, 
increased  intraocular  pressure.  Stimulation  of  the  psycho-optic  centres  (§  373,  IV) 
may  produce  spectra^  which  Cardanus  (1560),  Goethe,  and  Johannes  Miiller  could 
produce  voluntarily. 

394.  Illumination  of  the  Eye  and  the 

Ophthalmoscope. 

The  light  which  enters  the  eye  is  partly  absorbed  by  the  black 
uveal  pigment,  and  partly  again  reflected  from  the  eye,  and  always  in 
the  same  direction  in  which  the  rays  entered  the  eye.  By  placing 
one's  self  in  front  of  the  eye  of  another  person,  of  course  the  head,  being 
an  opaque  body,  cuts  off  a  large  number  of  rays.  Owing  to  the  posi- 
tion of  the  head,  no  rays  of  light  can  enter  the  eye ;  and,  of  course,, 
none  can  be  reflected  back  to  the  eye  of  the  observer.  Hence,  the  ey» 
of  the  person  being  examined  always  appears  blaci^  because  those  rays 
which  alone  could  be  reflected  in  the  direction  of  the  eye  of  the 
observer,  are  cut  off.  As  soon,  however,  as  we  succeed  in  causing  rays 
of  light  to  enter  the  eye  at  the  same  time  and  in  the  same  direction  in 
which  we  observe  the  eye  of  another  person,  the  fundus  of  the  eye 
appears  brightly  illuminated. 

The  following  simple  arrangement  (Fig.  402)  is  sufficient  for  the  purpose :— Let 
B  be  the  eye  of  the  patient,  A  that  of  the  observer,  and  let  a  flame  be  placed  at 
X,  The  rays  of  light  proceeding  from  x  impinge  upon  the  obliquely  placed 
plate  of  glass  (S,  S),  and  are  reflected  in  the  direction  of  the  dotted  lines  into  the 
eye  (B).  The  fundus  of  the  eye  appears  in  this  position  to  be  brightly  illuminated 
in  difiPhsion  circles  around  b.  As  the  observer  (A)  can  see  through  the  obliquely 
placed  glass  plate  (S,  S),  and  in  the  same  direction  as  the  reflected  rays  (x,  y)  he 
sees  the  rstina  around  b  brightly  illuminated. 

In  order  that  this  method  be  made  available  for  practical  purposes 
we  must,  of  course,  be  able  to  distinguish  the  details,  such  as  the 
blood-vessels  of  the  fundus  of  the  eye,  the  macula  lutea,  the  entrance 
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Fig.  402. 

Arrkogemeiit  for  examining  the  eye  of  B— A,  Eye  of  observer;  «,  aonroe  of  light; 
S,  S,  plate  of  glass  directed  obliquely,  reflecting  light  into  B. 

of  the  optic  nerve,  abnormalities  of  the  retina,  and  the  choroidal  pig- 
ment, &c.     The  following  considerations  show  us  how  to  proceed  in 


Fig.  403. 

order  to  accomplish  this.  As  already  mentioned,  and  as  Fig.  385, 
p.  973,  shows,  a  small  inverted  image  is  fonned  on  the  retina  (c,  d) 
when  we  look  at  an  object  (A,  B) ;  conversely,  according  to  the  same 


Fig.  404. 


THE  OFHTHALHOSCOPK 


dioptric  ^xw,  an  enlarged  inverted  real  image  of  a  small  diitisct  area 
of  the  retina  {e,  d — depending  on  the  distance  for  which  the  eye  was 
accommodated),  must  be  formed  ontaide  the  eye  (A,  B). 
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Fig.  405. 
If  the  fundus  of  tbia  eye  be  snfiSdentiy  illuminated,  this  aerial  image 


will  be  correspondingly  bright. 

In  order  to  see  the  in- 
dividual parte  of  the  retinal 
picture  more  distinctly,  the 
observer  must  accommodate 
his  own  eye  for  the  position 
of  this  image.  In  such  cir- 
cumstances the  eye  of  the 
observer  would  be  too  near 
to  the  observed  eye. 

Hie  eye  when  so  accom- 
modated is  removed  from 
the  eye  of  the  patient  by 
his  own  visual  distance,  and 
by  the  visual  distance  of 
the  patient.  As  this  distance 
considerable,  the   indi- 
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Fig  406. 


vidnal  smaU  details  of  tiie  '^'"^  ant'*"™  of  '^e  optic  nerve  with  the  ad- 
jacent  paxta  of  Uie  fiindiiB  of  the  normal  eye 
(tfter  Ed.  Jsger)— a,  Ring  of  coiinectiTe- 
tiuiie ;  b,  choroidal  ring ;  e,  arteries ;  d, 
veina;  g,  diviaioa  of  the  central  artery;  h, 
division  of  the  central  vein;  L,  lamina 
cribroM;  (,  temporal  (outer)  side;  n,  nasal 


fundus  cannot  be  seen  dis- 
tinctly. Further,  owing  to 
the  contraction  of  the  pupil 
of  the  patient,  only  a  small 
area  of  the  fundus  can  be  _ 

seen,  and  this  only  under  a 

small  visual  ai^le,  quite  apart  from  the  fact  that  it  is  often  impossible 
to  accommodate  for  the  real  image  of  the  fimdns  of  the  patient. 

Hence,  the  eye  of  the  observer  must  be  brought  nearer  to  the  eye  of 
tbB  patient.  This  may  be  done  in  two  ways : — 1.  Either  by  placing 
in  &ont  of  the  eye  of  the  patient  a  strong  convex  kns  (of  1-3  inches 
focus — Fig.  403,  C).  This  causes  the  retinal  image  to  be  nearer  to  the 
eye  (at  B),  owing  to  the  strong  lens  refracting  the  rays  of  light     The 


.1000      DIRECT  AKD  IHSIEKCT  OF] 


[OSCOPIC  EXAMIKATION. 


obaenrer  (M)  an  come  nearer  to  the  eye,  and  can  still  accommodAto  for 
the  image  of  the  fondoa  of  the  eye.  2.  Or  a  anKote  lent  is  placed 
immediately  in  front  of  the  eye  of  the  patient  (Fig.  iOi,  o).  The 
rayB  of  light  emerging  from  the  eye  of  the  patient  (P)  are  either 
made  parallel  by  the  concave  lens  (o),  and  are  brought  to  a  focus  <Hi 
the  retina  of  the  emmetropic  observer  (A) ;  or,  if  the  lens  caoaes  tlie 
rays  to  diverge  (fig.  409),  an  erect,  virtoal  image  is  fonned  at  a  dis- 
tance behind  the  eye  of  the  patient  (at  B).  In  these  cases,  also,  the 
observer  can  go  much  nearer  to  the  eye  of  the  patient 

The  ophttutlmoKOpe,  invented  by  v.  Helmholto,  enables  ns  to 
examine  the  whole  of  the  fimdas  of  the  eye. 

QMlvet  Method-— Un  •  Matokn  mimr  of  SO  ontiiDetra  focal  dirtanoe,  with 
a  ceotnl  opening.  Rafleot  a  beam  of  light  into  the  patient'*  eye,  where  they  oro^ 
in  the  Titreoiu  and  iUumitutte  the  fandui  of  the  ejv.  These  raya  again  paai  ont 
of  the  ejt  Bod  reach  Uw  obaarrer'i  eye  through  the  oentral  hole  in  the  mirror.  If 
the  ohserrer  be  emmetropic  they  oome  to  a.  focn*  od  bU  retiiML  In  thia  way  all 
the  parte  of  the  retinaara  aesn  in  their  normal  position,  bat  anlaiged.  Honoa,  it 
U  M>lMtimca  called  the  examination  of  the  uprighi  imagt.  The  eye  t^  the  patieot 
and  ofaaerver  miut  be  at  reat,  i.e. ,  be  n^ativel;  accommodated,  while  the  mirror 
mMt  b«  bronght  a*  near  aa  poaaible  to  the  eye  of  the  patient.] 

[Indireet  Method>  by  which  a  more  g«WTal  viow  of  the  tondn*  i*  obtainad. 
"Aiaw  the  light  ioto  the  patimt'*  eye  by  an  ophthalmoaooidQ  minor  aa  above,  bat 
kald  at  diatauoe  of  about  GO  cm,  (10  inchea)  from  the  patient'i  eye.  Hold  a 
ktoaBvax  leni  of  14  diopbioa  focal  length  vertic&lly  between  the  mirror  and  the 
patients  eye  (Fig.  403),  the  obaerver  looking  throagh  the  hole  of  the  mirror. 
What  bedoeiaee  is  an  M««r(«(i  aerial  image  at  B.  Only  a  mall  partof  thefnndns 
oonll  «mi  be  hsi  atone  time.] 

[The  ophthahnoaoope,  beaidei  being  naed  for  examining  the  interior  of  the  eye- 
ball, ia  of  the  ntmoet  om  in  determining  the  existence  and  amount  of  anomaliea  of 
refractiaB  in  the  refractive  media.     For  thIa  pnrpoaa  an  i^ihtllalnioMape  raqniiaa 


to  be  provided  with  pltu  and 


Fig.  407. 

Morton'*  ophtbalnweoope 

(KAard  t  Cnrry). 


lanaea,  which  can  he  laadily  brought  befo«« 
the  eye  of  the  obaerver.  Thia  i«  readily 
done  by  an  ingeniona  macbaniam  deviaed 
by  Cooper,  and  which  ia  made  nwn  of  in 
the  handy  atod^^'  ophtfiriayiaeopa  of 
Morton  (Fig.  407).  The  lenaea  are 
moved  by  a  drifing-wheel  on  the  left 
figure,  while  at  the  aaioe  time  ia  indi- 
cated at  a  certain  apertnre  the  lana 
preeented  at  the  dght  hole.  The  in- 
etrument  ia  alao  provided  with  a 
movable  arraogemait  carrying  a  con- 
cave mirror  at  either  and.  One  of  these 
mirron  ie  10  in.  in  foco^  and  ii  used 
for  indirect  examination  and  retino- 
Bcopy,  while  the  other  ia  of  3  in.  focna, 
tor  direct  exaraioatian,  and  ia  fixed  at 
an  ai^le  of  3B*.] 

[Betinonopy.  —  The  o^dithalme- 
scope  i>  Hwd  alao  for  thii  purpoae.  A 
beam  of  light  ia  reflected  into  the  «je 
by  the  ophthalmoscopic  mirror,  aod  the 
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pl>7  of  light  and  shade  on  ths  fundiw  ocoli  ohaerTed.  A  ttn^r  «f  Vbm  ia 
importaiit  ia  determiiuiig  aaomalies  of  refractioil.  For  the  method,  the  itndoit 
ia  referred  h>  a  tert-book  on  "  DiaeMea  of  tba  Eye."] 

[Artifloul  Eye.— 'nie  atndeat  ma;  pnctiae  the  oae  of  the  oflithalmaacgiw  on 
an  artifidal  eje  nich  aa  tb»t  of  Froat  ^ig.  408]  or  Fema.] 


Fig.  408. 

Frost's  artificial  eye- 


Fig.  409. 
Action  of  the  Orthoscope. 


niDminAtioa.— ^lo  order  to  illaminate  th«  interior  of  the  aye,  t.  HalBheJtz 
med  several  platea  of  glass,  placed  beEiind  each  other,  in  the  poaition  of  8,  3,  in  fig. 
402.  Afterwardfl  he  used  a  plane  or  concare  mirror  of  7  incbes  focos  (Fig.  403, 
Si,  S,),  with  a  liole  in  its  centre.  Fig.  406  ahowa  the  appeaiance  of  the  fnndaa  <k 
the  aye,  aa  aem  with  the  ophthalmoscope. 

In  albinos  the  fondna  of  the  eye  appears  red,  beoanse  tight  passes  into  the  qye 
throngh  the  sclerotic  and  uvea,  which  are  devoid  of  pigment  If  a  diaphragm  be 
placed  over  the  eye,  so  that  the  pupil  alone  is  free,  the  eye  appeals  blaek 
{Donders). 

Tapetcm. — in  many  animabi  the  syee  have  a  bright  graen  Instre.  Hum  ey«a 
have  a  special  layer,  the  tapetum,  or  the  meabnuia  vendcolor  of  Fielding ;  in  car- 
mvola  it  consiata  of  cells,  in  herhivora  of  fibres,  placed  between  the  capillaries  of 
the  choroid  and  the  stroma  of  the  nvea.  These  stmctures  exhibit  interibt«tiee 
Doloora  and  reflect  much  light,  so  that  a  colonred  lostre  appears  in  the  eye. 

Oblique  illQinmatioa  ia  nsed  with  advantage  foi  invastigating  the  antaiar 
chamber.  A  bright  beam  of  light,  condensed  by  a  convex  tens,  la  thrown  lalaniBj/ 
upon  the  oomea  into  the  eye,  and  to  direoted  npon  the  pmnt  to  be  investigated  as 
to  illnminate  it.  A  point  so  iUuniuated,  e.g^  a  part  of  the  iria,  may  be  e: 
from  a  dittanoe  by  means  of  a  leiu,  or  even  by  a  microscope  (LiebrcU^. 
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The  OifllOiOOpe*^Czeniuk  oonitracted  this  instanmMiit  (Fig.  409),  in  which  tlie 
eye  is  placed  under  water.  Take  a  small  glass  trough  with  one  of  its  waUa 
removed.  Press  the  margins  of  the  open  side  firmly  agaiost  the  region  of  theeje. 
The  eye  and  its  snrronndings  form,  as  it  were,  the  sixth  side  of  the  trongh,  which 
is  filled  with  water,  so  that  the  cornea  is  bathed  therewith.  As  the  refratfiive 
index  of  water  is  almoet  the  same  as  the  refractive  index  of  the  media  of  the  eye, 
the  rays  of  light  pass  into  the  eye  in  a  straight  direction  without  being  refracted* 
Henoe,  objects  in  the  anterior  chamber  can  be  seen  directly,  as  if  they  were  not 
within  the  eye  at  alL  Another  advantage  is,  that  the  objects  can  be  broo^lkt 
nearer  to  the  eye  of  the  observer.  The  rays  of  light  emerging  from  the  point  (a)  of 
the  fnndns,  if  the  eye  were  snrronnded  by  air,  would  leave  the  eye  as  the  parallel 
lines,  ft,  e,  d,  e.  Under  water,  these  rays,  a,  6,  continue  in  the  direction  a,  b,  aa 
fSur  as  6,  d^  where  they  emeige  firom  the  water,  and  are  bent  from  the  perpendicular, 
to  d,  e,  d,  e.  The  eye  of  the  observer,  looking  in  the  direction  «,  d,  sees  the  pointy 
a,  nearer,  viz.,  in  the  direction,  e  d,  a',  lying  at  a. 

395.  Activity  of  the  Retina  in  Vision. 

I.  Blind  Spot. — ^The  rods  and  cones  alone  are  the  parts  of  the  retina 
sensitive  to  light  (Heinr.  Miiller),  they  alone  are  excited  by  the  vibra- 
tions of  the  ether.  This  is  confirmed  by  Mariotte*s  experiment  (1688), 
which  proves  that  the  entrance  of  the  optic  nerve,  where  rods  and 
cones  are  absent,  is  devoid  of  visual  sensibility.  Hence  it  is  spokea 
of  as  tiie  ''  blind  spot.'' 
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Fig.  410. 

[Mariotte's  Eigteriment. — Make  two  marks,  about  three  inches  apart^ 
upon  paper  (Fig.  410).  Look  at  the  cross  with  the  right  eye,  keeping^ 
the  left  eye  closed,  and  hold  the  paper  about  a  foot  from  the  eye,  when 
both  the  cross  and  tiie  circle  will  be  seen.  Gradually  approximate 
the  paper  to  the  eye,  keeping  the  open  eye  steadily  fixed  on  the 
cross;  at  a  certain  moment  the  circle  will  disappear,  and  on  bringing 
tiie  paper  nearer  to  the  eye  it  will  reappear.  The  moment  when  the 
circle  disappears  is  when  its  image  falls  upon  the  entrance  of  tiie  optic 
nerve.] 

Position  and  Siie.— The  entrance  of  the  optic  nerve  lies  abont  3*5  mnu 
internal  to  the  visual  axis  of  the  eyebaU,  in  the  retina.  Its  diameter  is  1  *8  mnu 
(Helmholtz).  The  apparent  diameter  of  the  blind  spot  in  the  field  of  vision  is  in 
a  horizontal  direction  e^'Se'— this  lies  12^'  to  18°55'  horisontaUy  ftom  the  fixed 
point.  Eleven  fnll  moons  placed  side  by  side,  wonld  disappear  on  this  sntfaoe^ 
and  so  would  a  human  face  at  a  distance  of  over  two  metres. 

Proofs* — The  foUowing  JGscts  prove  that  the  entrance  of  the  optic  nerve  ia 
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ihaeiudtive  to  light :— 1.  Bonders  projected,  by  means  of  ft  mirror,  a  small  image  of 
a  flame  upon  the  entrance  of  the  optic  nerve  of  another  person,  and  the  person  had 
no  sensation  of  light.  But  a  sensation  of  light  was  experienced  when  the  image  of 
the  flame  waa  projected  upon  the  neighbouring  parts  of  the  retina.  2.  On 
combining  with  Mariotte*B  experiment,  the  experiment  which  causes  entoptical 
phenomena  at  the  entrance  of  the  optic  nerve  (§  393,  6  and  7),  this  coincides  with 
the  blind  spot  (Landois). 

Form  of  Blind  Spot. — In  order  to  determine  the /orm  and  apparent  size  of  the 
blind  spot  in  one's  own  eye,  fix  the  head  at  about  25  centimetres  from  a  surface  of 
white  paper  ;  select  a  small  point  on  the  latter  and  keep  the  eye  directed  towards 
it»  then  starting  from  the  position  of  the  blind  spot  move  a  white  feather  in  all 
directions  over  the  paper;  whenever  the  tip  of  the  feather  becomes  visible,  make  a. 
mark  at  this  spot.  Thus  the  blind  spot  may  be  mapped  out.  It  is  found  to  havo 
an  irregular  elliptical  form,  from  which  processes  proceed,  due  to  the  equally  non- 
sensitive  origins  of  the  large  blood-vessels  of  the  retina  (Hueck,  Helmholtz). 
(Mariotte  concluded  from  his  experiment  that  the  choroid,  which  is  i)erforated  by 
the  optic  nerve,  is  the  membrane  sensitive  to  light,  as  the  nerves  are  nowhere 
absent  from  the  retina.) 

The  blind  spot  does  not  cause  any  appreciable  gap  in  the  Jield  qfvimon.—Aa  this 
area  is  not  excited  by  light,  a  black  spot  cannot  appear  in  the  field  of  vision,  for 
the  sensation  of  black  implies  the  presence  of  retinal  elements,  which,  however^ 
are  absent  from  the  blind  spot.    The  circumstance,  however,  that  in  spite  of  the 
existence  of  an  inexcitable  spot,  during  vision,  no  part  of  the  field  of  vision  appears 
to  be  unoceupiedf  is  due  to  a  psychical  action.    The  unoccupied  area  of  the  field  of 
vision,  corresponding  to  the  blind  spot,  is  filled  in,  according  to  probability,  by  a 
psychical  process  (E.  H.  Weber).    Hence,  when  a  white  point  disappears  from  a 
black  surface,  the  whole  surface  appears  to  us  black ;  a  white  surface,  from  which 
a  black  point  faUs  on  the  blind  spot,  appears  quite  white;  a  page  of  print,  grey 
throughout,  ftc.    According  to  the  probabilities,  certain  parts  are  supplied — jMirta 
of  a  circle,  the  middle  parts  of  a  long  line,  the  central  part  of  a  cross.    Such 
images,  however,  which  cannot  be  constructed  according  to  the 
probabilities,  are  not  perfected,  e.g.,  the  end  of  a  line  or  a  human   P.         [)        Q: 
face.    In  other  cases  the  condition  known  as  "contraction"  of 
the  field  of  vision  tends  to  fill  up  the  gap.    This  will  be  evident 
on  looking  at  the  nine  adjoining  letters,  so  that  e  disappears,  we    A       /p\       -p 
no  longer  see  the  three  letters  on  each  side  of  it  in  straight   ^      \^/       ^ 
lines,  but  b,  /,  h,  d,  are  turned  in  towards  e.    The  adjoining 
parts  of  the  field  of  vision  seem  to  extend  over  and  around  the   ^        1%         {* 
blind  spot,  and  thus  help  to  compensate  for  the  blind  spot.  ^        H        L 

II.  Optic  Fibres  Inezdtable  to  Light — The  layer  of  the  fibres  of  the 
optic  nerve  in  the  retina  is  not  sensUvue  to  light.  This  is  proved  by  the 
fact  that  in  the  fovea  centralis,  which  is  the  area  of  most  acute  vision, 
there  are  no  nerve-fibres.  Further,  Purkinje  s  figure  proves  that,  as 
the  arteries  of  the  retina  lie  behind  the  optic  fibres,  the  latter  cannot* 
be  concerned  in  the  perception  of  the  former. , 

III.  Bods  and  Clones. — The  outer  segments  of  the  rods  and  cones 
have  rounded  outlines,  and  are  packed  close  together,  but  natural  spaces 
must  exist  between  them,  corresponding  to  the  spaces  that  must  exist 
between  groups  of  bodies  with  a  circular  outline.  These  parts  are 
insensible  to  lights  so  that  a  retinal  image  is  composed  like  a  mosaic  of 
round  stones.     The  diameter  of  a  cone  in  the  yellow  spot  is  2-2'5  /jl 
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(M.  ScholtEe).  If  two  images  of  two  eduU  points,  pUced  racj  amr 
each  other,  fall  upon  the  retina,  they  will  still  be  distingmshed  as 
distinct  images,  provided  that  both  imagee  fall  a|KHi  two  difiarsat 
conee.     The  two  Images  on  the  retina  need  only  be  3-4-54  /i.  ^Mit, 


Fig  ill. 

Horizontal  section  of  the  right  eye. 

a.  Cornea;  fi, om^ux^"*;  ^  aclerDtic;  ij,  witarior  chamber  ooatKining  the«qu«oaa 
hunoar ;  e,  iris ;  ff,  pnpil ;  p,  poilerior  chamber ;  I,  Petit'B  otuial ;  j,  ciliaiy 
muscle ;  h,  comeo-acleral  limit ;  i,  canal  of  Schlemm ;  m,  choroid ;  r,  Tetina ; 
o,  vitreon*  hnmonr ;  No,  optic  nerve ;  q,  twrve-theatkt ;  p,  nerv«-fibre» ;  U, 
lamina  orihroaa.  The  Una,  0  A,  indioatea  tiie  o[Aio  aiia;  S  r,  the  axia  of 
Tidon ;  r,  the  positioD  of  the  fovea  oentralia. 

in  order  that  each  may  he  seen  separately,  for  then  the  images  still  fall 
iipcffi  tvio  adjoining  cones.  If  tlie  distance  be  diminished  so  very  much 
that  both  images  fall  upon  om  cone,  or  one  upon  one  cone  and  the  other 
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upon  the  intermediate  [cement]  sabBtaaee,  then  only  one  image  is  per- 
ceiyed.  The  images  most  be  further  apart  in  the  peripheral  portion  of 
the  retina  in  order  that  they  may  be  a^arately  distiDgoished. 

As  the  rounded  end-BorfaoeB  of  the  oonea  do  not  lie  exactly  under  each  other, 
'but  are  so  arranged  that  ope  series  of  drdes  is  adapted  to  the  interstices  of  the 
following  series,  this  explains  why  fine  dark  lines,  lying  near  each  other,  appear 
to  have  alternating  twists  upon  them,  as  thp  images  of  these  must  fall  upon  the 
cones,  at  one  time  to  the  right,  at  another  to  the  left. 

IV.  The  fovea  centralis  is  the  region  of  most  acute  vision,  where 
only  cones  are  present,  and  where  they  are  very  numerous  and  closely 
packed.  The  cones  are  less  numerous  in  the  peripheral  areas  of  the 
retina,  and  consequently  vision  is  much  less  acute  in  these  regions. 
We  may  therefore  conclude  that  the  cones  are  more  important  for 
vision  than  the  rods.  When  we  wish  to  see  an  object  distinctly  we 
involuntarily  turn  our  eyes,  so  that  the  retinal  image  falls  upon  the 
fovea  centralis.  In  doing  this  we  are  said  to  ^^fx "  our  eyes  upon  an 
object.  The  line  drawn  from  the  fovea  to  the  object  is  called  the 
axis  of  vision  (Fig.  411,  8r).  It  forms  an  angle  of  only  Z'^-T"  with 
the  " optical  asas"  {0  A)^  which  unites  the  centres  of  the  spherical 
surfaces  of  the  refractive  media  of  the  eye.  The  point  of  intersection, 
of  course,  lies  in  the  nodal  point  {KfC)  of  the  lens  (p.  1004).  The 
term  "  direct  vision "  is  applied  to  vision  when  the  direction  of  the 
axis  of  vision  is  in  line  with  the  object,  [«.«.,  when  the  image  of  the 
object  falls  directly  on  the  fovea  centralis]. 

« Indirect  vision"  occurs  when  the  rays  of  light  from  an  object  fall 
upon  the  periph&rdl  parts  of  the  retina.  Indirect  vision  is  much  less 
acute  than  the  direct. 

In  order  to  test  the  acuteneaa  qf  direet  vision,  draw  two  fine  parallel  lines  close 
to  each  other,  and  gradually  remove  them  more  and  more  from  the  eye,  until  both 
appear  almott  to  unite  and  form  one  line.  The  bub  of  the  retinal  image  may  be 
ascertained  by  determining  the  distance  of  the  two  lines  from  each  other,  and  the 
distance  of  the  lines  from  the  eye;  or,  from  the  corresponding  visual  angle,  which 
is  generally  between  60  to  90  seconds. 

Perimetry. — ^In  order  to  test  indirect  vision  we  may  use  the  perimeter  of  Aubert 
and  Ftfrster.  The  eye  is  placed  opposite  a  fixed  point,  from  which  a  semicircle 
proceeds,  so  that  the  eye  lies  in  the  centre  of  it.  As  the  semicircle  rotates  round 
the  fixed  point,  on  rotating  the  former,  we  can  circumscribe  the  surface  of  a 
hemisphere,  in  the  centre  of  which  the  eye  is  placed.  Proceeding  from  the  fixed 
point,  objects  are  placed  upon  semicircles,  and  are  gradually  pushed  more  and 
more  towards  the  periphery  of  the  field  of  vision,  until  the  object  becomes 
indistinct,  and  finally  disappears.  The  process  of  testing  is  continued  by  placing 
the  arc  successively  in  the  difierent  meridians  of  tiie  field  of  vision. 

[H^Hardy's  perimeter  is  a  very  convenient  form  (Fig.  412).  It  consists  of  two 
uprights  (G  and  D),  which  are  fixed  to  the  opposite  ends  of  a  flat  basal  plate  (A). 
O  carries  an  arrangement  for  supporting  the  patient's  head,  while  D  carries  the 
automatic  arrangement  for  the  perimetric  record.  Both  of  these  can  be  raised  or 
depressed  by  the  screws  (G  and  b).    The  patient's  chin  rests  on  the  chin-rest  (E), 
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while  in  the  mouth  ia  pUc«d  Landolf  ■  biting  fixttion  (L),  which  ia  detaehaUe. 
The  position  of  the  head  cu  be  altered  b;  aliding  F  on  L,  which  can  be  fixed  in 
any  position  by  the  tcraw  (O).  The  porceUtn  button  (I)  jnrt  below  the  patient'* 
eye  (0  is  oonneoted  with  the  adjastment  of  t^e  "  fiiatton  point."  The  antomatio 
recording  appsratna  cnnaiita  of  a  rerolving  quadrant  (A,  A],  which  deecribes  a 
hemiaphere  round  a  horizontal  axil  pauin^  throagh  the  centre  of  the  hoUow  male 
axle,  tnming  in  the  female  end  of  a,  which  ia  supported  by  D.  The  quadrant  can 
be  fixed  at  any  point  by  g.  On  the  front  concave  lurface  of  the  quadrant  is  fired 
a  cinnlar  white  piece  of  ivoiy,  which  represents  the  "  fixation  point,"  from  which 
a  needle  projecta,  and  which  ia  the  zero  of  the  instrument.  A  carriage  (i)  in 
which  the  teat  objecta  are  placed  can  be  moved  in  the  concave  face  of  the  qnadiaut 
by  meaua  of  the  milled  head  (j),  which  movea  the  carriage  by  means  of  a  tooth 
and  pinion  wheel.] 


>'ig.  412. 


M'Hardy'a  perimeter— i,  Porcelain  button;  M,  bit;  E,  for  fixing  the  head;  g.  A, 
quadrant;  o,  fixation  point;  p,  pointer  for  pieroiog  the  record  chart  held  in 
the  frame  (e)  which  moves  on  c ;  D,  upright  aupporting  the  qnadrant  and  the 
automatic  arraoKemeDl  of  slides  (J:  and  t),  which  are  moved  byjfPicluud 
and  Cun;]. 

[When  the  milled  head  (J)  ia  turned,  it  mores  the  carriage  and  two  slides  (it  and 
t),  the  two  slides  moving  in  the  ratio  of  2  to  1.  The  rate  of  the  carrij^je  is  so 
adjusted  that  it  travels  ten  timea  faster  than  I,  and  five  tunes  foster  than  k.  The 
pointer  [p)  ia  connected  with  these  alidei,  so  that  it  moves  wh^i  they  move,  and 
records  ita  movements  by  piercing  the  record  chart,  which  is  fixed  in  the  double- 
faced  frame  («]■  The  frame  for  the  record  chart  is  hinged  near  e  to  the  apright 
(D),    The  frame  when  upright  comes  so  near  the  pointer  that  the  latter  can  pieroe 
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■  diart  plM«d  intheframe.  The  ptttfent  u  directed  to  look  at  the  "flxation  point," 
which  i*  msiely  a  omall  ivory  bntton  placed  in  the  imaginary  aiii  of  the  henu- 
•phere  on  the  iront  of  the  centre  of  the  concave  sar&ce  of  tho  qnadrant;  the 
projectiiig  needle  point  {0}  indlcatee  its  position.  Thia  is  the  xero  of  the  quadrant, 
&nd  on  each  tide  of  it  the  quadrant  i«  divided  into  00°.] 

[In  testing  the  lield  of  vision,  place  the  carriage  so  as  to  cover  zero,  adjnst  the 
«ye  for  the  fixation  point,  and  look  steadily  at  it,  and  if  alt  ia  right  tlie  pointer  {p) 
cnght  to  pierce  the  centre  of  the  chart.  Move  the  oarriage  along. the  qnadiant 
byj  nntil  it  diaappean  from  the  field  of  vision,  and  when  it  does  lo  the  pointer  in 
made  to  pierce  the  chart.  Make  another  obnrvation  in  anotliec  direction,  by 
altering  the  position  of  the  qnadnmt,  and  go  on  doing  bo  nntil  a  complete  record 
is  obtained  of  the  field  of  vision.  Teat  the  other  eye  in  the  aaine  way.  The 
oolonr-field  may  be  tested  by  using  colonred  papers  in  the  oarriage.] 

[Priestley  Smith's  parimoter  (E^.  413)  is  simpler.  The  wooden  knob  on 
the  left  of  the  figure  is  placed  nnder  ~ 

the  eye  of  the  patient,  who  stares  at 
the  fixed  point  in  the  axis  of  the 
qnadr&nt  which  can  be  moved  in 
any  meridian.  The  test  object  is  a 
Bqnare  piece  of  white  paper  which 
is  moved  along  the  quadrant.  The 
chart  is  placed  on  the  posterior  snr' 
face  of  the  hand-wheel  and  moves 
with  it,  so  that  the  meridians  of 
the  chart  move  with  the  qnadnnt. 
There  is  a  scale  behind  the  hand- 
wheel  corresponding  with  the  circles 
on  the  chart,  ao  that  the  obcerver 
■con  prick  off  his  observations  di- 
rectly.] 

[Scotoma  is  the  term  qiplied  to 
dimness  or  blindness  in  certain  parts 
of  the  field  of  vision,  which  may  be 
central,  marginai,  or  in  patehti.'] 

The  capacity  for  tinHpgUi Idling 
COloniS  diminishes  more  rapidly 
at  the  periphery  of  the  retina  than 
that  for  distingoiahing  diffe[«nces 
in  the  brightness  or  intensi^  of  light. 
In  fact,  Uie  periphery  of  the  retina 
is  slightly  red  blind.  The  diminntion  ia  greater  In  the  vertical  meridian  of  the  eye 
than  in  the  horizontal,  uid  it  diminiahea  with  the  distance  from  the  fixation 
point  (Anbert  and  FOrater).  These  observers  also  state  that,  during  accom- 
modation for  a  distant  object,  the  diminntion  of  the  capaci^  to  distingnish 
brightitesa  and  colour  towards  the  periphery  of  the  lens,  occnra  mora  imjudly 
than  with  near  vision. 

The  excitability  of  the  retina  for  colours  and  brightness  is  greater  at  a  point 
equally  distant  from  the  fovea  centralis  on  the  temporal  than  on  the  nasal  aide  of 
Uieeye(8chSn). 

ForimBtrio  Chart.— If  tha  arc  of  the  perimeter  (Fig.  413)  be  divided  in  BO 
^egmM,  beginning  at  the  fixation  point  (central  point),  and  proceeding  to  L  and  H 
^Fig.414);  and  if  a  aeriea  of  concBn trie  circlet  be  inscribed  on  this,  with  the  point  of 
flzatiwiasthdr  centre.wecanoonstmeta  (opo^r^iAicaleAarf  of  the  visual  oapoci^ 
dt  the  normal  or  healthy  eye  from  the  data  obtained  by  the  ezaniination  of  the  retina. 


Fig.  413. 

PriecUey  Smith's  Perimeter 

(Pickard  k  Cnrry.) 
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Fig.  414. 
Perimetric  chart  of  a  healthy  and  a 


eye. 


Fig.  414  is  an  example ;  the  thick  lines  indicate  a  diseased  eye,  the  cdtTesponding 
thin  lines  a  healthy  eye.  The  continaons  line  indicates  the  limits  for  the  percep- 
tion of  white ;  the  intermpted  line  that  for  blue,  the  panctnated  and  intenrnpted 
line  that  for  rod ;  m  is  the  blind  spot  (Hirscbberg). .  In  the  normal  eye  the  limita 
for  the  perception  of 


Externally,     . 
Internally, 
Upwards, 
Downwards,  . 


White, 

Blae, 

Bed, 

Green. 

TO'-SS** 

66** 

60' 

40^ 

so'-eo" 

eo"" 

60* 

40** 

45**-65" 

46' 

40** 

30'-35* 

as"-?©' 

60** 

60' 
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Y.  Specific  Energy. — ^The  rods  and  concB  alone  are  endowed  with 
what  Johannes  MiiUer  called  '*  spec^  emtrgy"  ie,,  they  alone  are  set 
into  activity  by  the  ethereal  vibrationSy  to  produce  those  impolses 
which  result  in  vision.  Mechanical  and  dedrical  stimuli,  however, 
when  applied  to  any  part  of  the  course  of  the  nervous  apparatus, 
produce  visual  phenomena.  Mechaiucal  stimuli  are  more  intense 
stimuli  than  light  rays,  as  shown  by  performing  the  dark  pressure 
figure  with  the  eyes  opened  (p.  995,  5,  a),  whereby  the  circulation  in 
the  retina  is  interfered  with  (Donders);  in  tiie  region  of  pressure  we* 
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cmnot  see  external  objects  which  affect  the  retina  uniformly  and 
continnouBly. 

YI.  The  duration  of  the  retinal  stimulation  must  be  exceedingly 
shorty  as  the  electrical  spark  lasts  only  0*000000868  second;  still,  as  a 
general  mle,  a  shorter  time  is  required,  the  larger  and  brighter  the  object 
looked  at.  Alternate  stimulation  with  light,  17-18  times  per  minute, 
is  perceived  most  intensely  (Briicke).  Further,  an  increase  or  diminu- 
tion of  0*01  part  of  the  intensity  of  the  light  is  perceptible  (p.  954).  A 
shorter  time  is  required  to  perceiye  yellow  than  is  required  for  violet 
and  red  (Yierordt).  The  retina  becomes  more  sensitive  to  light  after 
a  person  has  been  kept  in  the  dark  for  a  long  time,  and  also  after 
repose  during  the  night  If  light  be  allowed  to  act  on  the  eyes  for  a 
long  time,  and  especially  if  it  be  intense,  it  causes  faiigue  of  the  retina^ 
which  begins  sooner  in  the  centre  than  in  the  periphery  of  the  organ 
(Aubert).  At  first  the  fatigue  comes  on  rapidly  and  afterwards 
develops  more  slowly — ^it  is  most  marked  in  the  morning  (A.  Fick 
and  C.  F.  Miiller).  The  periphery  of  the  retina  is  specially  charac- 
terised by  its  capacity  for  distinguishing  movements  (Exner). 

yn.  YlBual  Porple. — ^The  mode  of  the  action  of  light  upon  the  end- 
organs  of  the  retina  has  ahready  been  referred  to  (p.  962)  in  connection 
with  the  "vtJtuaZ  jpurple"  [or  Rhodopsin]  (Boll,  Eiihne).  Kiihne 
showed  that,  by  illuminating  the  retina,  actual  pictures  (e,g.,  the  image 
of  a  window)  could  be  produced  on  the  retina,  but  they  gradually 
disappeared  From  this  point  of  view,  we  might  regard  the  retina  as 
comparable,  to  a  certain  extent,  to  the  sensitive  plate  of  a  photographic 
apparatus. 

Optogram, — ^The  viBoal  pnrple  is  fonned  by  the  pigment-epitiieliiim  of  the  retina. 
Perhaps  we  might  compare  the  prooeas  to  a  kind  of  Becretion.  The  visaal  purple 
may  be  restored  in  a  retina  by  laying  the  latter  upon  living  choroidal  epitheliam. 
The  pigment  disappears  from  the  wiMnmRlUn  retina  by  the  action  of  light  60  timea 
more  rapidly  than  from  the  retina  of  the  frog.  In  a  rabbit's  eye,  whose  pupil  was 
dilated  with  atropin,  Ewald  and  Etthne  obtained  a  sharp  pictore  or  optogram  of  & 
bright  object  placed  at  a  distance  of  24  cm.  from  the  eye— the  image  was  "fixed"  by 
a  4  per  cent  solution  of  alum.  Visual  purple  withstands  all  the  oxidising  reagents  ; 
zinc  chloride,  acetic  add,  and  corrosive  sublimate  change  it  into  a  yellow  substance 
— it  becomes  wJiite  only  through  the  action  of  light;  the  dark  heat-rays  are  with- 
out effisot,  while  it  is  decomposed  above  a  temperature  of  6TC.  [As  visual  purple* 
is  absent  from  the  cones,  and  cones  only  are  present  in  the  fovea  centralis,  we 
cannot  explain  vision  by  optograms  formed  by  the  visual  purple.] 

VIII.  Destruction  of  the  rods  or  cones  of  the  retina  causes  correspond-, 
ing  dark  spots  in  the  field  of  virion* 

396.  Perception  of  Colours. 

Thysical.— The  vibrations  of  the  light-ether  are  perceived  by  the  retina  only 
witldn   distinct  limits.      If  a  beam  of  white  light,  e,g,,  from   the  sun,  be 
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transmitted  throagh  a  pnsm,  the  light  raya  are  refracted  and  disperaed,  and  a 
^'prUmcUie  ipeetrum"  (Fig.  11)  is  obtained.  White  light  contains  rays  of  very 
different  wave  lengths,  or  periods  of  vibration.  The  dark  heat  rajfs,  whooe  wave 
length  is  0*00194  mm.  (Fizeau)  are  refracted  least.  They  do  not  act  upon  tiie 
retina,  and  are  therefore  invisible.  They  act,  however,  upon  sensory  nerres. 
About  00  per  cent,  of  these  rays  is  absorbed  by  the  media  of  the  eye  (Brucke  and 
Knoblauch,  Cima,  Jansen).  From  Frauenhofer's  line,  A,  onwards  (p.  29),  the 
•oscillations  of  the  light-ether  excite  the  retina  in  the  following  order :  Bed  with 
481  billions  of  vibrations  per  second,  orange  with  632,  yellow  with  563,  green  with 
607,  blue  with  653,  indigo  with  676,  and  vi<det  with  764  billion  vibrations  per 
second.  The  sensation  of  COlonr  therefore  depends  on  the  number  of  vibration*  qf 
tlte  light-ether,  just  as  the  pitch  of  a  note  depends  on  the  number  of  vibrations  of  the 
flounding  body  (Newton,  1704,  Hartley,  1772).  Beyond  the  violet  lie  the  cAemt- 
eally  active  [actinic]  rays  of  the  spectrum.  After  cutting  out  all  the  spectrum, 
including  the  violet  rays,  v.  Helmholtz  succeeded  in  seeing  the  ultra-violet  rays, 
which  had  a  feeble  greyisli-blue  colour.  The  heat  rays  in  the  coloured  part  of  the 
spectrum  are  transmitted  by  the  media  of  the  eye  in  the  same  way  as  throu^ 
water  (Franz).  The  existence  of  the  ultra-violet  rays  is  best  ascertained  by  the 
phenomenon  of  flilorescolLCe.  Von.  Helmholtz,  on  illuminating  a  solution  of 
sulphate  of  quinine  with  the  ultra-violet  rays,  saw  a  bluish-white  light  proceeding 
from  all  parts  of  the  solution  which  were  acted  on  by  the  ultra-violet  rays.  As 
the  media  of  the  eye  themselves  exhibit  fluorescence  (v.  Helmholtz,  Setschenow), 
they  must  increase  the  power  of  the  retina  to  distinguish  these  rays.  The  ultra- 
violet rays  are  not  largely  absorbed  by  the  media  of  the  eye  (Brucke,  Bonders). 

In  order  that  a  colour  be  perceived,  it  is  essential  that  a  certain  quantity  of 
light  must  fall  upon  the  retioa.  Blue,  when  at  the  lowest  degree  of  brightness, 
gives  a  colour  sensation  with  a  quantity  of  light,  which  is  sixteen  times  less  than 
that  required  for  red  (Dobrowlosky). 

Intensity  of  the  Impression  of  Idght.— While  light  of  different  periods  of 

vibration  applied  to  the  eye  excites  the  different  sensations  of  colour,  the  asnp^i- 
tude  qf  the  vibrations  (height  of  the  waves)  determines  the  intensity  qf  the  impressioii 
qf  light;  just  as  the  loudness  of  a  note  depends  on  the  amplitude  of  the  vibrations 
of  the  sounding  body.  The  sun*s  light  contains  all  the  rays  which  excite  the 
sensation  of  colour  in  us,  and  when  all  these  rays  fall  simultaneously  upon  the 
retina,  we  experience  the  sensation  of  white.  If  the  colours  of  the  spectrum 
obtained  by  means  of  a  prism  be  reunited,  white  light  is  again  obtained.  If  no 
vibrations  of  the  light-ether  reach  the  retina,  every  sensation  of  light  and  colour 
is  absent,  but  we  can  scarcely  apply  the  term  black  to  this  condition.  It  is  rather 
the  absence  of  sensation,  such  as,  for  example,  is  the  case  when  a  beam  of  light  falls 
on  the  skin  of  the  back.  This  does  not  give  the  sensation  of  black,  but  rather 
that  of  no  sensation  of  light. 

Simple  and  lUzed  Colonrs. — ^We  distinguish  simipk  colours,  0.^., 
those  of  the  spectrom.  In  order  to  perceiye  these,  the  retina  must  be 
excited  (set  into  vibration)  by  a  distinct  number  of  oscillations  (see 
above).  Further,  we  distinguish  *' mixed  colours,'*  whose  sensation  is 
produced  when  the  retina  is  excited  by  two  or  more  simple  colours, 
simultaneously  or  rapidly  alternating.  The  most  complex  mixed 
colour  is  whUe,  which  is  composed  of  a  mixture  of  aU  the  simple  colours 
of  the  spectrum.  . 

The  ''complementary  colours"  are  important  Any  two  colours 
which  together  give  the  sensation  of  white  are  complomentaiy  to  each 
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other.  The  '^ contrast  colours"  are  mentioned  here  merely  to  com- 
plete the  list.  They  are  closely  related  to  the  compleiMBtary  cofevia. 
Any  two  colours  which,  when  mixed,  supplement  the  generally  pre- 
Tailing  tone  of  the  light,  are  contrast  colours.  When  the  sky  is  Mue, 
the  two  contrast  colours  must  be  bluish- white;  with  bright  gas-light,  they 
must  be  yellowish-white,  and  in  pure  white  light,  of  coora^  all  the 
complementary  are  the  same  as  the  contrast  colours  (Brucke). 

Methods  of  "JfiTJiig  Colours.— l*  Two  solar  spectra  are  projected  upon  a 
aoreen,  and  the  spectra  are  so  arranged  as  to  cause  any  one  part  of  one  spectrum  to 
cover  any  part  of  the  other.  2.  Look  obliquely  through  a  vertically  arranged 
glass  plate  at  a  colour  placed  behind  it.  Another  colour  is  placed  in  fivnt  of  the 
glass  plate,  so  that  its  image  is  also  reflected  into  the  eye  of  the  obeervor ;  thus, 
the  light  of  one  colour  transmitted  through  the  glass  plate  and  the  reflected  light 
fix>m  the  other  colour  reach  the  eye  simultaneously. 

[Lambert's  Method. — ^This  is  easily  done  by  Lambert's  method.  Use 
coloured  wafers  and  a  slip  of  glass ;  place  a  red  wafer  on  a  sheet  of  white  paper, 
and  about  three  inches  behind  it,  another  blue  one.  Hold  the  plate  of  glass  mid- 
way and  verticaUy  between  them,  and  so  incline  the  glass  that,  while  looUag 
through  it  at  the  red  wafer,  a  reflected  image  of  the  blue  one  wiU  be  projected  into 
the  eye  in  the  same  direction  as  that  of  the  red  image,  when  we  have  the  senaatiea, 
of  pmrple.] 

3.  A  rotatory  disc,  with  sectors  of  various  colours,  is  rapidly  rotated  in  front  of 
the  eyes.  On  rapidly  rotating  the  coloured  disc,  the  impressions  produced  by  the 
indiiHidual  colours  are  united  to  produce  a  mixed  colour.  If  the  rotating  disc, 
which  yields,  let  us  suppose,  white,  on  mixing  the  colours  of  the  spectrum,  be  re- 
flected in  a  rapidly  rotating  mirror,  then  the  individual  components  of  the  white 
rei^ipear  (Landois). 

4.  Place  in  front  of  each  of  the  small  holes  in  the  cardboard  used  for  Scheiner's 
experiment  (p.  981,  Fig.  391),  two  differently  coloured  pieces  of  glass ;  the  coloured 
rays  of  light  passing  through  the  holes  unite  on  the  retina,  and  produce  a  mixed 
colovr  (C^ermak). 

CrOmplementary  Colours. — ^Investigation  shows  that  the  following  colours  of 
the  spectrum  are  complementary,  i,e.,  every  pair  gives  rise  to  white : — 
Red  and  greenish-blue;  Orange  and  cyan-blue; 

Tellow  and  indigo-blue ;  Greenish-yenow  and  violet ; 

wlule  green  has  the  compound  complementary  colour  purple  (v.  Helmholtz). 

The  mixed  colours  nmy  be  determined  from  the  following  table.  At  the  top 
of  the  vertical  and  horizontal  columns  are  placed  the  simple  colours;  the  mired 
eolonn  occur  where  they  intersect  the  cozrespondlng  vertical  and  horizontal 
colunns : — 


Vl<Aet. 

lodlga 

Cyan-tdne. 

Blcdah-green. 

Ones. 

Qlreeiilab- 
jillow. 

YeUow. 

Bad 

Purple 

Dk.-roM 

Wh.-it»e 

White 

Wh.-7eUow 

Ghdd-jeUow 

Orange 

Ona^» 

mL-ro8» 

WlL-roM 

White 

Wh.->j8Uow 

YeUow 

YeUow 

•  •• 

YflOow 

Wk-IXMO 

WUte 

Wh.-gTee& 

Wh.-yeIlov 

Gr.-yeUow 

•  •• 

•  •• 

QnenUhrf^XUm 

White 

WlL-green 

Wh.-greea 

Qnen 

•  •• 

»•« 

•  •■ 

Qro0ii 

Whlte-blne 

Water-blue 

Blolflh-green 

•  •• 

•  •• 

... 

•  •• 

Bloiib-czMa 

WatCT-talno 

Watai4Iiie 

••• 

••• 

••« 

tmm 

•  «. 

CjM-Uae 

Indigo 

.•* 

«•» 

•*• 

••« 

*•• 

•  •• 

... 

Dk.sdark;  wh.= whitish* 
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The  following  results  have  been  obtained  from  observations  on  the 
ndztnre  of  colours  :— 

1.  If  two  simple,  but  non-complementary,  spectral  colours  be  mixed 
with  each  other,  they  give  rise  to  a  colour  sensation,  which  may  be 
represented  by  a  colour  lying  in  the  spectrum  between  both,  and  mixed 
with  a  certain  quantity  of  white.  Hence,  we  may  produce  eveiy 
impression  of  mixed  colours,  by  a  colour  of  the  spectrum  +  white 
(Grassman). 

2.  The  less  white  the  colours  contain  the  more  '^saturated'*  they  are 
said  to  be,  the  more  white  they  contain  they  appear  more  imsaturated 
The  saturation  of  a  colour  diminishes  with  the  intensity  of  the  illumi- 
nation. 

Geometrical  Colour  Table. — Since  the  time  of  Kewton  attempts  have  been 
made  to  oon«tract  a  80-c»lled  "geometrical  colour  table,'*  which  will  enable  any 
mixed  colour  to  be  readily  found.  Fig.  415  shows  such,  a  colour  table ;  white  v^ 
placed  in  the  middle,  and  from  it  to  every  point  in  the  curve,  which  is  marked 
with  the  names  of  the  oolonrs,  suppose  each  colour  to  be  so  placed  that,  proceeding; 
from  white,  the  colours  are  arraoged,  beginning  with  the  brightest  tone,  then  always 
follows  the  most  saturated  tone,  antil  the  pure  saturated  spectral  colour  lies  in  the 

^^  point  of  the  curve  marked 

with  the  name  of  the  colour. 
The  mixed  colour  purple  is 
placed  between  violet  and 
red.  In  order  to  determine 
from  this  table  the  mixed 
colour  of  any  two  spectral 
colours,  unite  the  points  of 
these  colours  by  a  straight 
line.  Sappoee  weights  cone- 
spending  to  the  units  of  in- 
Onng^  tensity  of  these  colours  be 
placed  on  both  points  of  the 
curve  indicating  colours,  then 
the  position  of  the  centre  of 
gravity  of  both  in  the  line 
connecting  the  colours,  indi* 
cates  the  position  of  the 
mixed  colour  on  the  table. 


Cyan  blue 


Violet 


Yellow 


Eed 


Fig.  416. 
Geometrical  colour  cone. 


The  mixed  colour  of  two  spectral  colours  always  lies  on  the  colour  table  in  the 
straight  line  connecting  the  two  colour  points.  Further,  the  impression  of  the 
mixed  colour,  corresponds  to  an  intermediate  spectral  colour  mixed  with  white. 
The  complementary  colour  of  any  spectral  colour  is  found  at  once  by  making  a  line 
from  the  point  of  this  colour  through  white,  until  it  intersects  the  opposite 
margin  of  the  colour  table ;  the  point  of  intersection  indicates  the  complementary 
colour.  If  pure  white  be  produced  by  mixing  two  complementary  colours,  the 
colour  lying  nearest  white  on  the  connecting  line  must  be  speciidly  strong,  as 
then  only  would  the  oentre  of  gravity  of  the  lines  uniting  both  colours  lie  in  the 
point  marked  white. 

By  means  of  the  colour  table  we  may  ascertain  the  mixed  colour  qf  three  or  moit 
coUntre,  For  example^  it  is  required  to  find  the  mixed  colour  resultijig  from  the 
union  of  the  point>  a  (pale  yellow),  h  (fairly  saturated  bluish-green)^  and  c  (fiurly 
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flatnrated  blue).  On  the  three  points  place  weights  corresponding  to  their  inten- 
sities, and  ascertain  the  centre  of  gravity  of  the  weight,  a,  6,  e  ;  it  will  lie  at  p.  It 
is  obvions,  however,  that  the  impression  of  this  mixed  colour,  whitish  green-blue, 
can  be  produced  by  green-blue  +  white,  so  that /?  may  be  also  the  centre  of  gravity 
of  two  weights,  which  lie  in  the  line  connecting  white  and  green-blue. 

We  may  describe  a  triangle,  V,  6r,  K,  about  the  colour  table  so  as  to  enclose  it 
completely.  The  three  fundamental  or  primary  colours  lie  in  the  angles  of  this 
triangle,  red,  green,  violet.  It  is  evident  that  each  of  the  coloured  impressions, 
ie.,  any  point  of  the  colour  table  may  be  determined  by  placing  weights  corre- 
sponding to  the  intensity  of  the  primary  colours  at  the  angles  of  the  triangle,  so 
that  the  point  of  the  colour  table,  or,  what  is  the  same  thing,  the  desired  mixed 
colour,  is  the  centre  of  gravity  of  the  triangle  with  its  angles  weighted  as  above. 
The  intensity  of  the  three  primary  colours,  in  order  to  produce  the  mixed  colour, 
must  be-represented  in  the  same  proportion  as  the  weights. 

Theories. — ^Various  theories  have  been  proposed  to  account  for  colour 
sensation. 

1.  According  to  one  theory,  colour  sensation  is  produced  by  one  kind  of  element 
present  in  the  retina^  being  excited  in  different  ways  by  light  of  different  colours 
(oscillations  of  the  light-ether  of  different  wave  lengths,  number  of  vibrations,  and 
refractive  indices). 

2.  Young-Helmholtz  Theory. — The  theory  of  Thomas  Young  (1807) 
and  v.  Hehnholtz  (1852)  assumes  that  three  differerU  kinds  of  nerve 
elements,  corresponding  to  the  three  primary  colours,  are  present  in  the 
retina.  Stimulation  of  the  first  kind  causes  the  sensation  of  red,  of  the 
second  g^reen,  and  of  the  third  violet. 

The  elements  sensitive  to  red  are  most  strongly  excited  by  light  with  the  longest 
wave  length,  the  red  rays;  those  for  green  by  medium  wave  lengths,  green  ra3r8;  those 
for  violet  by  the  rays  of  shortest  wave  length,  violet  rays.  Further,  it  is  assumed, 
in  order  to  explain  a  number  of  phenomena,  that  every  colour  of  the  spectrum  excites 
€Ul  the  kinds  of  jibres,  some  qf  them  feebly^  others  strongly.  Suppose,  in  Fig.  416, 
the  colours  of  the  spectrum  are  arranged  in  their  natural  order  from  red  to 
violet  horizontally,  then  the  three  curves  raised  upon  the  abscissa  might  indicate 
the  strength  of  the  stimulation  of  the  three  kinds  of  retinal  elements.  The  con- 
tinuous curve  correspondis  to  the  rays  producing  the  sensation  of  red,  the  dotted 
line  that  of  green,  and  the  broken  line  that  of  violet.  Pure  red  light,  as  indicated 
by  the  height  of  the  ordinates  in  B^  strongly  excites  the  elements  sensitive  to  red, 
and  feebly  the  other  two  kinds  of  terminations,  resulting  in  the  sensation  of  red. 
Simple  yellow  excites  moderately  the  elements  for  red  and  green,  and  feebly  those 


for  violet = sensation  of  yellow.  Simple  green  excites  strongly  the  elements  for 
green,  but  much  more  feebly  the  two  other  kinds » sensation  of  green.%  Simple 
blue  excites  to  a  moderate  extent  the  elements  for  green  and  violet ;  more  feebly 
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-Ihote  for  ndmBeoMation.  of  bbie.  Simple  Tiolet  oxeiteB  strongly  the  correapoodiny 
«lemellti^  feebly  the  othen=:8eiia»tion  of  violet.  Stimulation  of  any  two  cileinBBti 
esdtee  the  impreiaionof  a  mixed  oolonr ;  while,  if  all  of  them  be  exdted  in.  m  neariy 
equal  degree,  the  aenaatioii  of  white  is  produoed,  Ab  a  matter  of  fiict,  the  Yoong- 
Helmholtz  theory  gives  a  clear  and  simple  explanation  of  the  phenomena  of  the 
physiological  doctrine  of  ookmr.  It  has  been  attempted  to  make  the  resolts 
obtained  by  examination  of  the  stmctore  of  the  retina  to  accord  with  this  view. 
Aooording  to  Max  Scholtse,  the  cones  alone  are  end-oigana  connected  with  the  per- 
oepticm  of  colour.  The  presence  of  kmgitadinal  striation  in  their  outer  aegmentsii 
ffigsrded  as  constituting  them  multiple  terminal  end-organs.  Our  power  of  odioar 
wmticm,  bo  far  as  it  depends  on  the  retina,  would,  on  this  view  of  the  matter,  bear 
a  relation  to  the  number  of  cones.  The  degree  of  colour  sensation  is  most  dsre^ 
loped  in  the  macula  lutea,  which  contains  only  cones,  and  diminiahes  as  the 
distance  from  the  point  increases,  while  it  is  absent  in  the  peripheral  parts  of  the 
retina. 

The  rods  of  the  retina  are  said  to  be  concerned  only  with  the  capad^  to 
distinguish  between  cjuantitative  sensations  of  light. 

3.  Bering's  Theory. — ^£w.  Hering,  in  order  to  explain  the  sensation  of 
light,  proceeds  from  the  axiom  stated  under  1,  p.  1013.     What  we  are 
conscious  of,  and  call  a  visual  sensation,  is  the  psychical  expression  for 
the  metabolism  in  the    visual  substance  (Sehsubstanz),  {.«.,   in  those 
nerve  masses  which  are  excited  in  the  process  of  vision.     Like  eveiy 
other   corporeal  matter,   this  substance   during  the  activity  of  the 
metabolic  process  undergoes  decomposition  or  **  disassimilaiian'"  while 
during  rest,  it  must  be  again  renewed,  or  '*  assimilaie  "  new  materiaL 
Hering  assumes  that  for  the  perception  of  whiie  (bright)  and  hlad 
(dark),  two  different  qualities  of  the  cliemical  processes  take  place  in 
the  visual  substance,  so  that  the  sensation  of  white  or  bright  coiresponds 
to  the  disassimilaiion  (decomposition),  and  that  of  black  (dark)  to  the 
-assimUcUion  (restitution)  of  the    visual  substance.     According  to  this 
view,  the  different  degrees  of  distinctness  or  intensity  with  which  these 
itwo  sensations  appear,  occur  in  the  several  transitions  between  pure 
white  and  deep  black,  or  the  proportions  in  which  they  appear  to  be 
mixed  (grey),  correspond  to  the  intensity  of  these  two  psycho-physical 
processes.     Thus  the  consumption  and  restitution  of  niiatter  in  the 
visual  substance  are  the  primary  processes  in  the  sensation  of  white 
and  black.     In  the  production  of  the  sensation  of  white,  the  consump- 
tion of  the  visual  substance  is  caused  by  the  vibrating  ethereal  waves 
acting  as  the  discharging  force,  or  stimulus,  while  the  degree  of  the 
sensation  of  whiteness  (brightness)  is  proportional  to  the  quantity  of 
the   matter    consumed.      The  process  of    restitution   discharges  the 
sensation   of  black ;  the  more  rapidly  it  occurs,  the  stronger  is  the 
sensation  of  black.     The  consumption  of  the  visual  substance  at  one 
place    causes  a  greater    restitution  in   the    adjoining  parts.     Both 
processes  influence  each  other  simultaneously  and   conjointly.    This 
explains  physiologicaUy  the  phenomenon  of  amirast  (p.  1020),  of  which 
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the  old  view  could  give  only  a  psychical  interpretation.  Similarly, 
colovr  sensation  is  regarded  as  a  sensation  of  decomposition  (disassimila* 
tion)  and  one  of  the  restitution  (assimilation) ;  in  addition  to  wkiUj 
red  and  yeUaw  are  the  expression  of  decomposition ;  while  green  and 
bltte  represent  the  sensation  of  restitution.  Thus  the  visual  substance 
is  subject  to  three  different  ways  of  chemical  change  or  metabolism. 
We  may  thus  explain  the  coloured  phenomena  of  contrast  and  the 
complementary  after  images.  The  sensation  of  black-white  may  occur 
simultaneously  with  all  colours,  so  that  every  colour  sensation  is  accom- 
panied by  that  of  dark  or  bright,  so  that  we  cannot  have  an  absolutely 
pure  colour.  There  are  three  different  constituents  of  the  visual 
substance;  that  connected  with  the  sensation  of  black-white  (colourless), 
that  with  blue-yeDow,  and  that  with  red-green.  All  the  rays  of  the 
visible  spectrum  act  in  disassimilating  the  black-white  substance,  but 
the  different  rays  act  in  different  degrees.  The  blue-yellow  or  the 
red-green  substances,  on  the  other  hand,  are  disassimilated  only  by 
certain  rays,  some  rays  causing  assimilation,  and  others  are  inactive. 
Mixed  light  appears  colourless,  when  it  causes  an  equally  strong  dis- 
assimilation  and  assimilation  in  the  blue-yellow  and  in  the  red-green 
substance,  so  that  the  two  processes  mutually  antagonise  each  other, 
and  the  action  on  the  black-white  substance  appears  pure.  Two 
objective  kinds  of  light,  which  together  yield  white,  are  not  to  be 
regarded  as  complementary,  but  as  antagonistic  kinds  of  light,  as  they 
do  not  supplement  each  other  to  produce  white,  but  only  allow  this  to 
appear  pure,  because,  being  antagonistic,  they  mutually  prevent  esuch 
other's  action. 

The  imperfection  of  the  Young-Hehnholtz  theory  of  colour  Bensatioii  is  that  it 
recognises  only  one  kind  of  excitability,  excitement,  and  fatigue  (corresponding 
to  HeriDg's  diaaasimilation),  and  that  it  ignores  the  antagonistic  relation  of  certain 
light  rays  to  the  eye.  It  does  not  regard  white  as  consisting  of  complementaiy 
light  rays,  which  neutralise  each  other  by  their  action  on  the  coloured  visual 
substance,  but  as  uniting  to  form  white  (Hering). 

In  applying  this  theory  to  colour-Uindness  (§  397),  we  must  assume 
that,  those  who  are  red-blind  want  the  red-green  visual  substance;  there 
are  but  two  partial  spectra  in  their  solar  spectrum,  the  black-white  and 
the  yellow-blue.  The  position  of  green  appears  to  such  an  one  to  be 
colourless ;  the  rays  of  the  red  part  of  the  spectrum  are  so  far  visible^ 
as  the  sensation  of  yellow  and  white  produced  by  these  rays  is 
strong  enough  to  excite  the  retina.  Hering  divides  his  spectrum 
into  a  yellow  and  a  blue  half.  A  vioki-blind  person  wants  the 
yellow-blue  visual  substance;  in  his  spectrum  there  are  only  two  partial 
spectra,  the  black-white  and  the  red-green.  In  cases  of  congM$  cokmr- 
blindness^  the  yellow-blue  and  red-green  substances  are  absent.    Hence, 
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gach  a  person  has  only  the  sensation  of  bright  and  dark.  The 
sensibility  to  light  and  the  length  of  the  spectrum  are  retained ;  the 
brightest  part  in  this  case,  as  in  the  normal  eye,  is  in  the  yelloir 
(Bering). 

Von  Eriea  devised  the  following  erpeiiment  against  Hering^s  theory : — Arnu^ge 
two  grey  surfaces,  one  formed  by  mixing  white  and  black,  the  other  by  yellow  and 
blue,  and  let  both  appear  equally  an  intense  grey.  On  staring  at  a  red  object  on 
these  surfaces  until  the  retina  is  fatigued,  and  until  the  object  disappears,  a  grey 
after  image  appears  in  both  cases.  The  mixture  of  yellow  and  blue  cannot  in  this 
case  have  acted  as  to  cause  restitution  of  the  red-grey  substance ;  this  is  done 
rather  by  the  mixed  grey  composed  of  white  and  black. 


897.  Golour-Blindness  and  its  Practical  Importance. 

Caoses. — By  the  term  colour-blindness  {Dysdiromaiopsy)  is  meant  a 
pathological  condition  in  which  some  individuals  are  unable  to  dis- 
tinguish certain  colours.  Huddart  (1777)  was  acquainted  with  the 
condition,  but  it  was  first  accurately  described  by  Dalton  (1794),  who 
himself  was  red-blind.  The  term  colour-blindness  was  given  to  it  by 
Brewster. 

The  supporters  of  the  Yomig-Helmholtz  theory  assume  that,  corresponding  to 
the  paralysis  of  the  three  colour-perceiving  elements  of  the  retina,  there  are  the 
following  kinds  of  colour-blindness : — 

1.  Red-hUndnesa,    2.  Oreen-hUndnets,    3.   Violet-hlindneM, 
The  highest  degree  being  termed  complete  colour-blindness. 

The  supporters  of  £.  Hering*s  theory  of  colour  sensation  distinguish  the 
following  kinds : — 

1.  Complete  Colour-blindness  {Aekromatopty).— The  spectrum  appears 
achromatic ;  the  position  of  the  greenish-yellow  is  the  brightest,  while  it  is  darker 
on  both  sides  of  it.  A  coloured  picture  appears  like  a  photograph  or  an  engraving 
Occasionally  the  different  degrees  of  light  intensity  are  perceived  in  one  shade  d 
colour,  e.^.,  yellow,  which  cannot  be  compared  with  any  other  colour.  O.  Becker 
and  V.  Hippel  observed  cases  of  unilaterxU,  congenital,  complete  colour-blindnesBy 
whilst  the  other  eye  was  normal  for  colour-perception. 

2.  Blue-yellow  Blindness  (StilUng).— The  spectrum  is  dichromatic,  and  con- 
sists only  of  red  and  green.  The  blue-violet  end  of  the  spectrum .  is  usuaUy 
greatly  shortened.  In  pure  cases  only  the  red  and  green  are  correctly  distinguished 
(Mauthner's  Erythrochloropy),  but  not  the  other  colours.  Unilateral  cases  have 
been  observed. 

3.  Bed-green  BlindneS8.~The  spectrum  is  also  dichromatic.  YeUow  and 
blue  are  correctly  distinguished ;  violet  and  blue  are  both  taken  for  blue.  The 
sensations  for  red  and  green  are  absent  altogether.  There  are  several  forms  of  this — 
(a.)  Oreen-hlindness,  or  the  red-green  blindness,  with  undiminished  spectrum 
(Mauthner's  Xanihokyanopy\  in  which  bright  green  and  dark  red  are  con- 
founded. In  the  spectrum  yellow  abuts  directly  on  blue,  or  between  the  two, 
at  mpst,  there  is  a  strip  of  grey.  The  maximum  of  brightness  is  in  the  yellow. 
It  is  often  unilateral  and  often  hereditary,  {jb.)  Bed-hUndnesa  (or  the  red-green 
blindness  with  undiminished  spectrum,  also  called  Daltonism),  in  which  bright  red 
and  dark  green  are  confounded.    The  spectrum  consists  of  yellow  and  blue,  but 
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the  yellow  lies  in  the  orange.  The  red  end  of  the  spectrum  is  uncoloored,  or  even 
dark.  The  greatest  brightness,  as  well  as  the  limit  between  yellow  and  blae^  lies 
more  towards  the  right. 

4.  Inoomplete  COlour-blindneBS,  or  a  diminished  colour  sense  indicates  the 
condition  in  which  the  acuteness  of  colour  perception  is  dimimshedy  so  that  the 
colours  can  be  detected  only  in  large  objects,  or  only  when  they  are  near,  and  when 
they  are  mixed  with  white  they  no  longer  appear  as  such.  A  certain  degree  of 
this  form  is  frequent,  in  as  far  as  many  persons  are  unable  to  distinguish  greenish- 
blue  from  bluish-green. 

Acquired  COlonr-blindxiesS  occurs  in  diseases  of  the  retina  and  atrophy  of  the 
optic  nerve  (Benedict),  in  commencing  tabes,  in  some  forms  of  cerebral  disease 
(p.  933),  and  intoxications.  At  first  green-blindness  occurs,  which  is  soon  followed 
by  red-blindness.  The  peripheral  zone  of  the  retina  suffers  sooner  than  the 
central  area  (Schirmer).  In  hysterical  persons,  there  may  be  intermittent  attacks 
of  colour-blindness  (Charcot,  Landolt) ;  and  the  same  occurs  in  hypnotised  persons 
(p.  910). 

H.  Cohn  found  that,  on  heating  the  eyeball  of  some  colour-blind  persons,  the 
colour-blindness  disappeared  temporarily.  Occasionally  in  persons  without  a 
lens,  red  yision  is  present,  and  is  due  to  unknown  causes.  Holmgren  found  that 
2*7  per  cent,  of  persons  were  colour-blind,  most  being  red  and  green  blind,  and 
very  few  violet  blind. 

Limits  of  Normal  Colonr-blindxieSS.— The  investigations  on  the  power  of  colour 
perception  in  the  normal  retina,  are  best  carried  out  by  means  of  Anbert-Forster's 
perimeter  [or  that  of  M 'Hardy,  p.  1005].  It  is  found  that  our  colour  perceptum  is 
compleie  only  in  the  middle  of  the  field  of  vision.  Around  this  is  a  middle  zone,  in 
which  only  blue  and  yellow  are  perceived,  in  which,  therefore,  there  is  red- 
blindness.  Outside  this  zone,  there  is  a  peripheral  girdle,  where  there  is  complete 
colour-blindness  (p.  1008).  Hence,  a  red-blind  person  is  distinguished  from  a 
person  with  normal  vision  in  that,  the  central  area  of  the  normal  field  of  vision  is 
absent  in  the  former,  this  being  rather  included  in  the  middle  zone.  The  field  of 
vision  of  a  green-blind  person  differs  from  that  of  a  person  with  normal  vision,  in 
that  his  peripheral  zone  corresponds  to  the  intermediate  and  peripheral  zones  of  the 
normal  eye.  The  violet-blind  person  is  distinguished  by  the  complete  absence  of 
the  normal  peripheral  zone,  llie  incomplete  colour-blindness  of  these  two  kinds 
is  characterised  by  a  uniformly  diminished  central  field.  [When  very  intense 
colours  are  used,  such  as  those  of  the  solar  spectrum,  the  retina  can  diBtingnish 
them  quite  up  to  its  margin  (Landolt).] 

In  poisoning  with  santonin,  violet-blindness  (yellow  vision)  occurs  in  con- 
sequence of  the  paralysis  of  the  violet  perceptive  retinal  elements,  which  not 
unfrequently  is  preceded  by  stimulation  of  these  elements,  resulting  in  violet 
vision,  i.e.,  objects  seen  to  be  coloured  violet  (Hufiier).  Such  is  the  explanation  of 
this  phenomenon  given  by  Holmgren.  Max  Schultze,  however,  referred  the 
yellow  vision,  t.€.,  seeing  objects  yellow,  to  an  increase  of  the  yellow  pigment  in 
the  macula  lutea. 

When  coloured  objects  are  very  small,  and  illuminated  only  for  a  short  time,  the 
normal  eye  first  fails  to  perceive  red  (Aubert,  Lamansky);  hence,  it  appears  that 
a  stronger  stimulus  is  required  to  excite  the  sensation  of  red.  Briicke  found  that 
veiy  rapidly  intermittent  white  light  is  perceived  as  green,  because  the  short 
duration  of  the  stimulation  £uled  to  excite  the  elements  of  the  retina  connected 
with  the  sensation  of  red. 

(The  practical  importance  of  colour-blindness  was  pointed  out  by  George  Wilson, 
and  again  more  recently  by  Holmgren.]  No  person  should  be  employed  in  the 
marine  or  railway  service  until  he  has  been  properly  certified  to  be  able  to  dis- 
tinguish red  from  green. 

Methods  of  Testinjr  Colour-blindness.— Following  Seebeok,  Hohngna 
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aaed  amill  dcriM  of  oolonred  woola  m  the  nmplest  material,  in  red,  enngey 
jtSlow,  giwrndA-ytSloWj  gram*  greenish-bliie,  blue,  violet,  purple,  rose,  brcyini, 
grey.  There  ar6  five  finely  graduated  shades  of  each  of  the  above  ooloma. 
WImb  teifciiig  a  person,  select  ODly  one  skein — e.g,,  a  bright  red  or  rose — ^fram  the 
nata  ef  ookMued  wools  placed  in  front  of  him,  and  place  it  aside,  asking  him  t» 
seek  out  these  skeins  which  he  supposes  are  nearest  to  it  in  colour. 

Mae6  and  Naoatl  have  measured  the  aouteness  of  vision  by  illuminating  m  small 
objeot  with  difierent  parts  of  the  spectrum.  They  compared  the  observations  on 
red-  and  green-blind  persons,  with  their  own  results,  and  found  that  a  red-blind 
ponen  psreeives  green  light  much  brighter  thsn  a  normal  person.  The  green- 
bHnd  had  an  excessive  sensibility  for  red  and  violel  It  appears  that  what  the 
erionr-UiBd  lose  in  perceptive  power  for  one  colour  they  gain  for  another. 


398.  Stimulation  of  the  Eetina. 

Bpiitive  and  NegatiYe  After  Images— Irradiation— Contrast. 

As  with  every  other  nervous  apparatus,  a  certain  but  small  amount 
of  time  elapses  after  the  rays  of  light  fall  upon  the  eye,  before  the  action 
of  Ihe  light  takes  place,  whether  the  light  acts  so  as  to  produce  a 
conscious  impression,  or  produces  merely  a  reflex  effect  upon  the  pupiL 
The  strength  of  the  impression  produced  depends  partly  and  chiefly 
upon  the  excitability  of  the  retina  and  the  other  nervous  structuresi  If 
the  ii^t  acts  for  a  long  time  with  equal  intensity,  the  excitation,  after 
having  reached  its  culminating  point,  rapidly  diminishes  again,  at  first 
more  rapidly,  and  afterwards  more  and  more  slowly. 

After  Imac^. — ^If  the  light  acts  on  the  eye  for  some  time  so  as  to 
excite  the  retina,  and  if  it  be  suddenly  withheld,  the  retina  still  re- 
mains for  some  time  in  an  excited  condition,  which  is  more  intense 
and  lasts  longer  the  stronger  and  the  longer  the  light  was  applied,  and 
the  more  excitable  the  condition  of  the  retina  Thus,  after  every 
visual  perception,  especially  if  it  is  very  distinct  and  bright,  there  re- 
mains a  so-called  "after  image."  We  distinguish  a  ^'positive  ajkr 
image,*'  which  is  an  image  of  similar  brightness  and  a  similar  colour. 

"  That  the  impresdon  of  any  picture  remains  for  some  time  upon  the  eye  is  a 
physiological  phencmenon;  when  such  an  impression  can  he  seen  for  a  long 
time,  it  becomes  pathological.  The  weaker  the  eye  is  the  longer  the  image  re- 
mains upon  it.  The  retina  does  not  recover  itself  so  quickly,  and  we  may  r^ard 
the  action  as  a  kind  of  paralysis.  This  is  not  to  be  wondered  at  in  the  case  of 
Aa.mKng  plctuTes.  After  looking  at  the  sun,  the  image  may  remain  on  the  retina 
for  several  days.  A  similar  result  sometimes  occurs  with  pictures  which  are  not 
daziding.  Busch  records  that  the  impression  of  an  engraving,  with  aU  its  details, 
remained  on  his  aye  for  17  minutes  *'  (Goethe). 

Bzpeiiments  and  Apparatos  for  Positiya  After  Images.— !•  When  a 

Wming  atiok  is  n^dly  rotated  it  appears  as  a  fieiy  dide. 
S.  The  tAawRH^rope  of  Paris. 

3.  The  phdnaJastoscope  (Plateau)  or  the  strohoscopic  disct  (Stampfer).    Upon  a 
or  a  c^Bnder,  a  seriea  of  objects  are  so  depicted,  that  successive  drawings 


i 


NEGATIVE  AFTER  IMAGES — ^IRBADUTION.  1019 

vepreflent  individual  factors  of  one  oontinnons  movement.  On  looking  throngh  am 
opening  at  such  a  diac  rotated  rapidly,  we  see  pictures  of  the  different  phases 
moving  so  quickly,  that  the  one  rapidly  follows  the  one  in  front  of  it.  As  the 
impression  of  the  one  impression  remains  until  the  following  one  takes  its  place, 
it  has  the  appearance  as  if  the  successive  phases  of  the  movement  are  continuous, 
and  are  one  snd  the  same  figure.  The  apparatus  under  the  name  of  zoetrope^  whicb 
is  extensively  used  as  a  toy,  is  generally  stated  to  have  been  invented  in  1832.  It 
was  described  by  Cardanus  in  1550.  It  may  be  used  to  represent  certain  move- 
ments—e.^.,  of  the  spermatozoa  and  ciliary  motion  (Purkinje  and  Valentin),  the 
movements  of  the  heart  and  those  of  locomotion. 

4.  The  colour  top  contains  on  the  sectors  of  its  disc  the  colours  which  are  to  be 
mixed.  As  the  colour  of  each  sector  leaves  a  condition  of  excitation  for  the  whole 
duration  of  a  revolution,  all  the  colours  must  be  perceived  simultaneously,  t.e.,  aa 
a  mixed  oolouc 

Vegative  After  Images. — Occasionally,  when  the  stimulation  of  the 
retina  is  strong  and  very  intense,  a  *'  negative,"  instead  of  a  positive^ 
after  image  appears.  In  a  negative  after  image,  the  hrigU  parts  of  the 
object  i^pear  darh^  and  the  coloured  parts  in  their  corresponding  conirasi^ 
cohurs  (p.  1011). 

Bxamples  of  Hentive  After  Images.— After  looking  for  a  long  time  at  a 
dazzlingly-iUuminated  white  window,  on  closing  the  eyes,  we  have  the  impres- 
sion of  a  bright  cross,  or  crosses,  as  the  case  may  be,  with  dark  panes. 

Negative  coloured  after  images  are  beautifully  shown  by  NQrrenberg's  apparatus. 
Look  steadily  at  a  coloured  surface,  e,g.,  a,  yellow  board  with  a  small  blue  square 
attached  to  the  centre  of  its  surface.  A  white  screen  is  allowed  to  fall  suddenly 
in  front  of  the  board — ^the  white  sur&ce  now  has  a  bluish  appearance,  with  a  yellow 
square  in  its  centre. 

The  usual  explanation  of  dark,  negative  after  images  is  that,  the  retinal 
elements  are  fatigued  by  the  light,  so  that  for  some  time  they  become  less 
excitable,  and  consequently,  light  is  but  feebly  perceived  in  the  corresponding 
areas  of  the  retina ;  hence  darkness  prevails. 

Bering  explains  the  dark  after  images  as  due  to  a  process  of  assimilation  in  the 
black-white  visual  substance.  In  explaining  coloured  after  images,  the  Young- 
Helmholtz  theory  assumes  that,  under  the  action  of  the  colour,  e.g.,  red,  the 
retinal  elements  connected  with  the  perception  of  this  colour  are  paralysed.  On 
now  looking  suddenly  on  a  white  surface,  the  mixture  of  all  the  colours  appears  as 
white  minus  red,  {.«.,  the  white  appears  green.  In  bright  daylight  the  contrast 
colour  lies  very  near  the  complementary  colour.  According  to  Bering,  the  con- 
trast after  image  is  explained  by  the  assimilation  of  the  corresponding  coloured 
visual  substance,  in  this  case,  of  the  "red-green  "  (p.  1016,  3). 

Not  onfrequently,  after  intense  stimulation  of  the  retina,  positive 
and  negative  after  images  tUtemate  with  each  other  until  they  gradually 
fuse.  After  looking  at  the  dark  red  setting  sun^  we  see  alternate  disca 
of  red  and  green. 

The  phenomena  of  contrast  undergo  some  modification  in  the  peri- 
pheral areas  of  the  retina,  owing  to  the  partial  colour-blindness  which 
occurs  in  these  areas  (Adamiick  and  Woinow). 

Irradiation  is  the  term  applied  to  certain  phenomena  where  we  form 
a  fidse  estimate  of  visual  impressions^  owing  to  inexact  occommodaiiotK 
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If  from  inexact  accommodation  the  margins  of  the  object  are  pro- 
jected upon  the  retina  in  diffusion  circles,  the  mind  tends  to  add  the 
undefined  margin  to  those  parts  of  the  visual  image  which  are  most 
prominent  in  the  image  itself.  What  is  brighi  appears  larger,  and 
overcomes  what  is  dark,  while  an  object,  without  reference  to  bright- 
ness or  colour,  has  the  same  relation  to  its  back-ground.  When  the 
accommodation  is  quite  accurate,  the  phenomenon  of  irradiation  is 
not  present. 

*'  A  dark  object  appears  amaller  than  a  bright  one  of  the  same  aixe.  On  looking 
«t  the  same  time  from  a  certain  diitance  at  two  circles  of  the  same  size,  a  white 
one  on  a  black  back-ground,  and  a  black  on  a  white  back-ground,  we  estimate  the 
latter  to  be  about  one-fifth  lean  than  the  former.  On  makiog  the  black  circle  one- 
fifth  larger  they  will  appear  equal.  T^cho  de  Brahe  remarks  that  the  moon, 
when  in  conjunction  (dark),  appears  to  be  one-fifth  smaller  than  in  oppoeitioa 
(full,  bright).  The  first  lunar  crescent  appears  to  belong  to  a  larger  disc  than  the 
dark  one  adjoining  it,  which  can  occasionally  be  distinguished  at  the  time  of  the 
new  light.  Black  clothes  make  persons  appear  to  be  much  smaller  than  light 
clothes.  A  light  seen  behind  a  margin  gives  the  appearance  of  a  cut  in  the 
mai^n.  A  ruler,  behind  which  is  placed  a  lighted  candle,  appears  to  the  observer 
to  have  a  notch  in  it.  The  sun,  when  rising  and  setting,  appears  to  make  a  de- 
pression in  the  horizon  "  (Goethe). 

Simultaneous  Contrast. — By  this  term  is  meant  a  phenomenon  like 
the  following : — When  bright  and  dark  parts  are  present  in  a  picture  at 
the  same  time,  the  bright  (whit«)  parts  always  appear  to  be  more 
intensely  bright  the  less  white  there  is  near  them,  or,  what  is  the  same 
thing,  the  darker  the  surroundings,  and,  conversely,  they  appear  less 
bright  the  more  white  tints  that  are  present  near  them.  A  similar 
phenomenon  occurs  with  coloured  pictures.  A  colour  in  a  picture 
appears  to  us  to  be  more  intense  the  less  of  this  colour  there  is  in  the 
adjoining  parts,  that  is,  the  more  the  surroundings  resemble  the  tints 
of  the  contrast  colour.  Simultaneous  contrast  arises  from  simultaneous 
impressions  occurring  in  two  adjoining  and  different  parts  of  the 
retina. 

Examples  of  Contrast  for  Briffht'  and  Bark.— l.  Look  at  a  white  net- 
work on  a  black  ground ;  the  parts  where  the  white  lines  intersect  appear  darker, 
because  there  is  least  black  near  them. 

2.  Look  at  a  point  of  a  small  strip  of  dark  grey  paper  in  front  of  a  daik  black 
back-ground.  Push  a  large  piece  of  white  paper  between  the  strip  and  the  back- 
ground; the  strip  on  the  white  ground  now  appears  to  be  much  darker  than 
before.  On  again  removing  the  white  itajier,  the  strip  at  once  again  appears 
bright  (Hering). 

3.  Look  with  both  eyes  towards  a  grejrish-white  surface,  e,g.,  the  ceiling  (^  ^ 
room.  After  gazing  for  some  time,  place  in  front  of  the  eye  a  paper  tube  eight 
inches  long,  and  an  inch  to  an  inch  and  a  quarter  in  diameter,  blackened  in  the 
inside.  The  part  of  the  ceiling  seen  through  the  tube  appears  as  a  round 
whit«  spot  (Landois). 

Examples  for  Colours. — l*  Plsoe  a  piece  of  grey  paper  on  a  red,  yellow,  or 
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blue  ground;  the  contrast  colours  appear  at  once— viz.,  green,  blue,  or  yellow. 
The  phenomenon  is  made  still  more  distinct  by  oovering  the  whole  with  trans- 
parent tracing  paper  (Herm.  Meyer).  Under  similar  circumstances,  printed 
matter  on  a  coloured  ground  appears  in  its  complementary  colour  (W.  v.  Bezold). 

2.  An  air  bubble  in  the  strongly  tinged  field  of  vision  of  a  thick  microftcopical 
preparation  appears  with  an  intense  contrast  colour  (Landois). 

3.  Paste  four  green  sectors  upon  a  rotatory  white  disc,  leave  a  ring  round  the 
centre  of  the  disc  uncovered  by  green,  and  cover  it  with  a  black  strip.  On 
rotating  such  a  disc,  the  black  part  appears  red  and  not  grey  (BrQcke). 

4.  Look  with  both  eyes  towards  a  greyish- white  surfiEtce,  and  place  in  front  of  one 
eye  a  tube,  about  the  length  and  breadth  of  a  finger,  composed  of  transparent 
oiled  paper,  gummed  together  to  such  thickness  as  will  permit  light  to  pass  through 
its  waUs.  The  part  of  the  surface  seen  through  the  tube  appears  in  its  contrast 
colour.  The  experiment  also  shows  the  contrast  in  the  intensity  of  the  illumina- 
tion (Landois).  A  white  piece  of  paper,  with  a  round  black  spot  in  its  centre, 
when  looked  at  through  a  blue  glass  appears  blue  with  a  black  spot.  If  a  white 
spot  of  the  same  size  on  a  black  ground  be  placed  in  front,  so  that  it  is  reflected 
in  the  glass  plate,  and  just  covers  the  black  spot,  it  shows  the  contrast  colour 
yellow  (Ragona  Scina). 

5.  The  coloured  shadows  also  belong  to  the  group  of  simultaneous  contrasts. 
**  Two  conditions  are  necessary  for  the  production  of  coloured  shadows— firstly » 
that  the  light  gives  some  kind  of  a  colour  to  the  white  surface ;  second,  that  the 
shadow  is  illuminated,  to  a  certain  extent,  by  another  light.  During  the  twilight, 
place  a  short  lighted  candle  on  a  white  surface,  between  it  and  the  fading  day- 
light hold  a  pencil  vertically,  so  that  the  shadow  thrown  by  the  candle  is 
illuminated,  but  not  abolished,  by  the  feeble  daylight;  the  shadow  appears  of  a 
beautiiul  blue.  The  blue  shadow  is  easily  seen,  but  it  requires  a  little  attention 
to  observe  that  the  white  paper  acts  like  a  reddish-yellow  surface,  whereby  the 
blue  colour  apparent  to  the  eye  is  improved.  One  of  the  most  beautiful  cases  of 
coloured  shadows  is  seen  in  connection  with  the  full  moon.  The  light  of  the 
candle  and  that  of  the  moon  can  be  completely  equalised.  Both  shadows  can  be 
obtained  of  equal  strength  and  distinctness,  so  that  both  colours  are  completely 
balanced.  Place  the  plate  opposite  the  light  of  the  moon,  the  lighted  candle  a 
little  to  one  side  at  a  suitable  distance.  In  front  of  the  plate  hold  an  opaque 
body,  when  a  double  shadow  appears,  the  one  thrown  by  the  moon  and  lighted  by 
the  candle  being  bright  reddish-yellow;  and,  conversely,  the  one  thrown  by  the 
candle  and  lighted  by  the  moon  appears  of  a  beautiful  blue.  Where  the  two 
shadows  come  together  and  unite  is  black  **  (Goethe). 

6.  "Take  a  plate  of  green  glass  of  considerable  thickness,  and  hold  it  so  as  to 
get  the  bars  of  a  window  reflected  in  it,  the  bars  will  be  seen  double;  the  image 
formed  by  the  under  surface  of  the  glass  being  greeny  while  the  image  coming  from 
the  under  surface  of  the  glass,  and  which  ought  really  to  be  colourless,  appears  to 
be  purple.  The  experiment  may  be  performed  with  a  vessel  filled  with  water, 
with  a  mirror  at  its  base.  With  pure  water  colourless  images  are  obtained,  while 
by  colouring  the  water  coloured  images  are  produced*'  (Goethe). 

Ezplanation  of  Contrast.— Some  of  these  phenomena  may  be  explained  as 
due  to  an  error  of  judgment.  During  the  simultaneous  action  of  several  impres- 
sions, the  judgment  errs,  so  that  when  an  effect  occurs  at  one  place,  this  acts 
to  the  slightest  extent  in  the  neighbouring  parts.  When,  therefore,  brightness 
acts  upon  a  part  of  the  retina,  the  judgment  ascribes  the  smallest  possible  action 
of  the  brightness  to  the  adjoining  parts  of  the  retina.  It  is  the  same  with  colours. 
It  is  far  more  probable  that  the  phenomena  are  to  be  referred  to  actual  physio- 
logical processes  (Hering). 

Partial  stimulation  with  light  affects  not  only  the  part  so  acted  on,  but  alK>  the 
surrounding  area  of  the  retina;  the  part  directly  excited  undergoing  increased 
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duammikuionf  the  (indireotly  stimulated)  adjoinisg  area  nndergoixig  incroaicd 
€uaimUati<m ;  the  increase  of  the  latter  is  greatest  in  the  immediate  neighbourhood 
of  the  illuminated  portion,  and  rapidly  diminishes  as  the  distance  from  it  increases. 
By  the  increase  of  the  assimilation  in  those  parts  not  acted  on  by  the  image  of 
the  object,  this  is  prevented,  so  that  the  diffused  light  is  perceiTed.  The  increase 
of  the  assimilation  in  the  immediate  neighhonrhood  of  the  iUuminated  spot  is 
greatest,  so  that  the  perception  of  this  relatively  stronger  different  light  is  largely 
rendered  impossible  (Hering). 

SllGC688iT6  Contrast.— 'Look  for  a  long  time  at  a  dark  or  bright  object,  or 
at  a  coloured  (e.g.,  red)  one,  and  then  allow  the  e£fect  of  the  contrast  to  occur  on 
the  retina — i.e.,  with  reference  to  the  above,  bright  and  dark,  or  the  contrast 
colour  green,  then  these  become  very  intense.  This  phenomenon  has  also  been 
called  *'  auccesHve  cotUroMt,^*  In  this  case  the  negative  after  image  obviously  plays 
apart. 

399.  Movements  of  the  Eyeballs  and  the  Eye- 
Muscles. 

The  globalar  eyeball  is  capable  of  extensive  and  free  movement  on 
the  correspondingly  excavated  fatty  pad  of  the  orbit,  just  like  the  head 
of  a  long  bone  in  the  corresponding  socket  of  a  freely  movable  arthro- 
dial  joint  The  movements  of  the  eyeball,  however,  are  limited  by 
certain  conditions,  by  the  mode  in  which  the  eye-muscles  are  attached 
to  it:  Thus,  when  one  muscle  contracts,  its  antagonistic  muscle  acts 
like  a  bridle,  and  so  limits  the  movement ;  the  movements  are  also 
limited  by  the  insertion  of  the  optic  nerva  The  soft  elastic  pad  of  the 
orbit  on  which  the  eyeball  rests  is  itself  subject  to  be  moved  forward 
or  backward,  so  that  the  eyeball  also  must  participate  in  these  move- 
ments. 

Protrusion  of  the  eyeball  takes  place — 1.  By  congestion  of  the  blood-veaselay 
especially  of  the  veins  in  the  orbit,  such  aa  occurs  when  the  outflow  of  the  venous 
blood  from  the  head  is  interfered  with,  as  in  cases  of  hanging.  2.  By  con- 
traction of  the  smooth  muscular  fibres  in  Tenon's  capsule  (p.  705),  in  the  spheno- 
maxillary fissure  and  in  the  eyelids  (§  404),  which  are  innervated  by  the  cervical 
sympathetic  nerve.  3.  By  voluntary  forced  opening  of  the  palpebral  fissure, 
whereby  the  pressure  of  the  eyelids  acting  on  the  eyeball  is  diminished.  4.  By 
the  action  of  the  oblique  muscles,  which  act  by  pulling  the  eyeball  inwards  and 
forwards.  If  the  superior  oblique  be  contracted  when  the  eyelida  are  forcibly 
opened,  the  eyeball  may  be  protruded  about  1  mm.  When  protrusion  of  the 
eyeball  occurs  pathologically  (as  in  1  and  2),  the  condition  is  called  ezophtlialmos* 

Betraction  of  the  eyebdlis  the  opposite  condition,  and  is  caused-^1.  By  doeing 
the  eyelids  forcibly.  2.  By  an  empty  condition  of  the  retrobulbar  blood-vessels, 
diminished  succulence,  or  disappearance  of  the  tissue  of  the  orbit.  3.  Section  of 
the  cervical  sympathetic  in  dogs  causes  the  eyeball  to  sink  somewhat  in  the  orbits 
The  smooth  muscular  fibres  of  Tenon's  capsule  are  perhaps  antagonistic  in  their 
action  to  the  four  recti  when  acting  together,  and  thus  prevent  the  eyeball  from 
being  drawn  too  far  backwards.  Many  animals  have  a  special  retractor  Indbi 
muscle,  e,g,f  amphibians,  reptiles,  and  many  mammals  ;  the  ruminants  have  four. 

The  movements  of  the  eyes  are  almost  always  aceompanied  hj 
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>  dimilar  movements  of  the  head,  chiefly  on  looking  upwards,  less  so  on 

'  looking  laterally,  and  least  of  all  when  looking  downwards. 

The  difficnlt  investigations  on  the  movements  of  the  eyeballs  have 
been  carried  out,  especiaDy  by  Listing,  Meissner,  Helmholtz,  Donders, 
A.  Fick,  and  E.  Hering. 

Axis. — ^All  the  movements  of  the  eyebaU  take  place  round  its  jpairU 
of  rotation  (Fig.  417,  o),  which  lies  1*77  mm.  behind  the  centre  of  the 

E  visual  axis,  or  10*957  mm.  from  the  vertex  of  the  cornea  (Donders). 

I  In  order  to  determine  more  carefully  the  movements  of  the  eyebaU,  it 

is  necessary  to  have  certain  definite  data : — 1.  The  visual  axis  (S,  S'), 
or  the  antero-posterior  axis  of  the  eyeball,  unites  the  point  of  rotation 
with  the  fovea  centralis,  and  is  continued  straight  forwards  to  the 
vertex  of  the  cornea.  2.  The  transverse^  or  horizontal  axis  (Q,  QJ,  is 
the  straight  line  connecting  the  points  of  rotation  of  both  eyes  and  its 
extension  outwards.  Of  course,  it  is  at  right  angles  to  1.  3.  The 
vertical  axis  passes  vertically  through  the  point  of  rotation  at  right 
angles  to  1  and  2.  These  three  axes  form  a  co-ordinate  system.  We 
must  imagine  that  in  the  orbit  there  is  a  fixed  determinate  axial 
system,  whose  point  of  intersection  corresponds  with  the  point  of  rota- 
tion of  the  eyeball  When  the  eye  is  at  rest  (primary  position),  the 
three  axes  of  the  eyeball  completely  coincide  with  the  three  axes  of  the 
co-ordinate  system  in  the  orbit.  When  the  eyeball  however  is  moved, 
two  or  more  axes  are  displaced  from  this,  so  that  they  must  form 
angles  with  the  fixed  orbital  system. 

Planes. — In  order  to  be  more  exact,  and  also  partly  for  further 
estimations,  let  us  suppose  three  planes  passing  through  the  eyeball,  and 
that  their  position  is  secured  by  any  two  axes.  1.  The  horizontal  plane 
divides  the  eyeball  into  an  upper  and  lower  half ;  it  is  determined  by 
the  visual  transverse  axes.  In  its  course  through  the  retina  it  forms 
the  horizontal  line  of  separation  of  the  latter ;  the  coats  of  the  eyeball 
itself  cut  it  in  their  horizonal  meridian.  2.  The  vertical  plane  divides 
the  eyeball  into  an  inner  and  outer  half ;  it  is  determined  by  the  visual 
and  vertical  axes.  It  cuts  the  retina  in  the  vertical  line  of  separation 
of  the  latter  and  the  periphery  of  the  bulb  in  the  vertical  meridian  of 
the  eyeball  3.  The  equatorial  plane  divides  the  eyeball  into  an  anterior 
and  posterior  half;  its  position  is  determined  by  the  vertical  and  trans- 
verse axes,  and  it  cuts  the  sclerotic  in  the  equator  of  the  eyeball.  The 
horizontal  and  vertical  lines  of  separation  of  the  retina,  which  intersect 
in  the  fovea  centralis,  divide  the  retina  into  four  quadrants. 

In  order  to  define  more  precisely  the  movements  of  the  eyeball, 
v.  Helmholtz  has  introduced  the  following  terms: — He  calls  the 
straight  line  which  connects  the  point  of  rotation  of  the  eye  with  the 
fixed  point  in  the  outer  world,  the  visual  line  Q'  Bligklinie "),  while  a 
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plane  passing  through  these  lines  in  both  eyes,  he  called  the  visua/ 
plane ;  the  ground  line  of  this  plane  is  the  line  uniting  the  two  points 
of  rotation — viz.,  the  transverse  axis  of  the  eyeball  Suppose  a 
sagittal  section  to  be  made  through  the  head,  so  as  to  divide  the  latter 
into  a  right  and  left  half,  then  this  plane  would  halve  the  ground  line 
of  the  visual  plane,  and  when  prolonged  forward  would  intersect  the 
visual  plane  in  the  median  line.  The  visual  point  of  the  eye  can  be 
(1)  raised  or  lowered — the  field  which  it  traverses  being  called  the 
visual  field  ("  Blickfeld  ") ;  it  is  part  of  a  spherical  surface  with  the 
point  of  rotation  of  the  eye  in  its  centre.  Proceeding  from  the  primary 
position  of  both  eyes,  which  is  characterised  by  both  visual  lines  being 
parallel  with  each  other  and  horizontal,  then  the  elevation  of  the  visual 
plane  can  be  determined  by  the  angle  which  this  forms  with  the  plane 
of  the  primary  position.  This  angle  is  called  the  angle  of  elevation — ^it 
is  positive  when  the  visual  plane  is  raised  (to  the  forehead),  and 
negative  when  it  is  lowered  (chinwards).  (2)  From  the  primary  posi- 
tion, the  visual  line  can  be  turned  laterally  in  the  visual  plane.  The 
extent  of  this  lateral  deviation  is  measured  by  the  angle  of  lateral 
rotation — t.e.,  by  the  angle  which  the  visual  line  forms  with  the  median 
line  of  the  visual  plane ;  it  is  said  to  be  positive  when  the  posterior 
part  of  the  visual  line  is  turned  to  the  right,  negative  when  to  the  left. 
The  following  are  the  positions  of  the  eyeball : — 

1.  Primary  petition,  in  which  both  the  lines  of  vision  are  parallel 
with  each  other,  and  the  visual  planes  are  horizontal  The  three  axes 
of  the  eyeball  coincide  with  the  three  fixed  axes  of  the  co-ordinate 
system  in  the  orbit. 

2.  Secondary  poaitioni  are  due  to  movements  of  the  eye  from  the 
primary  position.  There  are  two  different  varieties — (a)  where  the 
visual  lines  are  parallel,  but  are  directed  upwards  or  downwards.  The 
transverse  axis  of  both  eyes  remains  the  same  as  in  the  primaiy  posi- 
tion ;  the  deviations  of  the  other  two  axes  are  expressed  by  the  amount 
of  the  angle  of  elevation  of  the  line  of  vision,  (h)  The  second  variety 
of  the  secondary  position  is  produced  by  the  convergence  or  divergence  of 
the  lines  of  vision.  In  this  variety  the  vertical  axes,  round  which  the 
lateral  rotation  takes  place,  remain  as  in  the  primary  position;  the 
other  axes  form  angles ;  the  amount  of  the  deviation  is  expressed  by 
the  "  angle  of  lateral  rotation."  The  eye,  when  in  the  primary  posi- 
tion, can  be  rotated  from  this  position  42^  outwards,  45""  inwards, 
34°  upwards,  and  57°  downwards  (Schuurmann). 

3.  Tertiary  position  is  the  position  brought  about  by  the  move- 
ments of  the  eye,  in  which  the  lines  of  vision  are  convergent,  and  are  &t 
the  same  time  inclined  upwards  or  downwards. 

All  three  axes  of  the  eye  are  no  longer  coincident  with  the  axes  in 
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the  primary  position.  The  exact  direction  of  the  visual  lines  is  deter- 
mined by  the  amount  of  the  angle  of  lateral  rotation  and  the  angle  of 
elevation.  There  is  still  another  important  point.  The  eyeball  is 
always  rotated  at  the  same  time  round  the  line  of  vision  and  round  its 
axis  (Yolkmann,  Hering,  Donders).  As  the  iris  rotates  round  the 
visual  line  like  a  wheel  round  its  axis,  this  rotation  is  called  "  circular 
rotation  "  ("  Raddrehung  ")  of  the  eye,  which  is  always  connected  with 
the  tertiary  positions.  Even  oblique  movement  may  be  regarded  as 
composed  of — (1)  a  rotation  round  the  vertical  axis,  and  (2)  round 
the  transverse  axis ;  or  it  may  be  referred  to  rotation  round  a  single 
constant  axis  placed  between  the  above-named  axes,  passing  through 
the  point  of  rotation  of  the  eyeball,  and  at  right  angles  to  the  secondary 
and  primary  direction  of  the  visual  axis  (line  of  vision) — (Listing). 
The  amount  of  circular  rotation  is  measured  by  the  angle  which  th& 
horizontal  separation  line  of  the  retina  forms  with  the  horizontal 
separation  line  of  the  retina  of  the  eye  in  the  primary  position.  Thi» 
angle  is  said  to  be  positive,  when  the  eye  itself  rotates  in  the  same 
direction  as  the  hand  of  a  watch  observed  by  the  same  eye — i.e.,  when 
the  upper  end  of  the  vertical  line  of  separation  of  the  retida  is  turned 
to  the  right. 

According  to  Donders,  the  angle  of  rotation  increases  with  the  angle  of  eleva- 
tion and  the  angle  of  lateral  rotation— it  may  exoeed  10^.  With  equally  great 
elevation  or  depression  of  the  visual  plane,  the  rotation  is  greater,  the  greater  the- 
elevation  or  depression  of  the  line  of  vision. 

On  looking  upwards  in  the  tertiary  position,  the  upper  ends  of  the  vertical  lines, 
of  separation  of  the  retina  diverge;  on  looking  downwards  they  converge.  If  the 
visual  plane  be  raised,  the  eye,  when  it  deviates  laterally  to  the  right,  makes  a 
circular  rotation  to  the  left.  When  the  visual  plane  is  depressed,  on  deviating 
the  eye  to  the  right  or  left,  there  is  a  corresponding  circular  rotation  to  the  right 
or  left.  Or  we  may  express  the  result  thus :  When  the  angle  of  elevation  and  the 
angle  of  deviation  have  the  same  sign  (+  or  -),  then  the  rotation  of  the  eyeball  is 
negative ;  when,  however,  the  signs  are  unequal,  the  rotation  is  positive.  In  order 
to  make  the  circular  rotation  visible  in  one's  own  eyes,  accommodate  one  eye  for  a 
surfJBKse  divided  by  vertical  and  horizontal  lines  until  a  positive  after  image  i» 
produced,  and  then  rapidly  rotate  the  eye  into  the  third  position.  The  lines  of 
the  after  image  then  form  angles  with  the  lines  of  the  back-ground.  As  the  position 
of  the  verticid  meridian  of  the  eye  is  important  from  a  practical  point  of  view,  it^ 
is  important  to  note  that,  in  the  primary  and  secondary  positions  of  the  eyes,  the 
vertical  meridian  retains  its  vertical  position.  On  looking  to  the  left  and  upwards, 
or  to  the  right  and  downwards,  the  vertical  meridians  of  both  eyes  are  turned  to 
the  left ;  conversely,  they  are  turned  to  the  right  on  looking  to  the  left  and  down- 
wards, or  to  the  right  and  upwards. 

In  the  secondary  positions  of  the  eye,  rotation  of  the  axis  of  the 
eye  never  occurs  (Listing).  Very  slight  rolling  of  the  eyes  occurs, 
however,  when  the  head  is  inclined  towards  the  shoulder,  and  in  the 
direction  opposite  to  that  of  the  head  (Javal) — it  is  about  1^  for  every* 
lO""  of  inclination  of  the  bead  (Skrebitzky,  Nagel). 
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Ocular  MnBcleiL — ^Tbe  movements  of  the  eyeball  are  accomplished  b^ 
means  of  the  four  straight  and  two  oblique  ocular  muscles.  In  order 
to  understand  the  action  of  each  of  these  muscles,  we  must  know  the 
plane  of  traction  of  the  muscles  and  the  axis  of  rotation  of  the  eyeball 
The  plane  of  traction  i&  found  by  the  plane  lying  in  the  middle  of 
the  origin  and  insertion  of  the  muscle  and  the  point  of  rotation  of  the 
eyeball.  The  axis  of  rotaiion  is  always  at  right  angles  to  the  plane  of 
traction  in  the  point  of  rotation  of  the  eyeball. 

The  rectus  intemus  (1)  and  eztemus  (E)  rotate  the  eye  almost  ex- 
actly inwards  and  outwards  (Fig.  417).    The  plane  of  traction  lies  in  the 


>^^ 


...--t::^' 


Fig.  417. 
Scheme  of  the  action  of  the  ocular  mnacloB. 

plane  of  the  paper;  Q,  E  is  the  direction  of  the  traction  of  the  external 
rectus,  Qj,  I,  that  of  the  internal.  The  axis  of  rotation  is  in  the  point 
of  rotation,  O,  at  right  angles  to  the  plane  of  the  paper,  so  that  it 
coincides  with  the  vertical  axis  of  the  eyebalL  2.  The  axis  of  rotation 
of  the  B.  superior  and  inferior  (the  dotted  line,  E.  sup,  R  inf.),  lies  in 
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the  horizontal  plane  of  separation  of  the  eye,  but  it  forms  an  angle  of 
about  20""  with  the  transverse  axis  (Q,  Q,) ;  the  direction  of  the  traction 
for  both  muscles  is  indicated  by  the  line,  8,  i.  By  the  action  of  these 
muscles,  the  cornea  is  turned  upwards  and  slightly  inwards,  or  down- 
wards and  slightly  inwards.  3.  The  axis  of  rotation  of  both  oblique 
muscles  (the  dotted  lines,  Obi.  sup.  and  Obi.  inf.)  also  lies  in  the  horizon- 
tal plane  of  separation  of  the  eyeball,  and  it  forms  an  angle  of  60""  with 
the  transverse  axis.  The  direction  of  the  traction  of  the  inferior 
oblique  gives  the  line,  a,  b ;  that  of  the  superiar^  the  line,  c,  d.  The 
action  of  these  muscles,  therefore,  is,  in  the  one  case,  to  rotate  the 
cornea  outwards  and  upwards,  and,  in  the  other,  outwards  and  down- 
wards. These  actions,  of  course,  only  obtain  when  the  eyes  are  in  the 
primary  position — in  every  other  position  the  axis  of  rotation  of  each 
muscle  changes. 

When  the  eyes  are  at  rest,  the  muscles  are  in  equilibrium.  Owing 
to  the  power  of  the  internal  recti,  the  visual  axes  converge  and  would 
meet,  if  prolonged  40  centimetres  in  front  of  the  eye.  In  the  move- 
ments of  the  eyeball,  one,  two,  or  three  muscles  may  be  concerned. 
One  muscle  acts  only  when  the  eye  is  moved  directly  outwards  or 
inwards,  especially  the  internal  and  external  rectus.  Tivo  muscles  act 
when  the  eyeball  is  moved  directly  upwards  (superior  rectus  and 
inferior  oblique)  or  downwards  (inferior  rectus  and  superior  oblique). 
Three  muscles  are  in  action  when  the  eyeballs  take  a  diagonal  direction, 
especially  for  inwards  and  upwards,  by  the  internal  and  the  superior 
rectus  and  inferior  oblique ;  for  inwards  and  downwards,  the  internal 
and  inferior  rectus  and  superior  oblique ;  for  outwards  and  downtoards, 
the  external  and  inferior  rectus  and  superior  oblique ;  for  ouhoards  and 
upwards,  the  external  and  superior  rectus  and  inferior  oblique. 

[The  following  table  shows  the  action  of  the  muscles  of  the  eye- 
ball :— 

Movements  FBODrcRD  by  the  Ocular  Muscles. 


Jntoarda 
Outwards   . 

Upwards    . 
Downwards 


Imoards  ami 
upwards . 


Rectns  internus. 

Rectus  extemus. 

r  Eeotus  superior. 
\  Obliquus  inferior. 

I  Rectus  inferior. 
(  Obliquus  superior. 

i  Rectus  intemus. 
Rectus  superior. 
Obliquus  inferior. 


Inwards  and 
downwards 


OtUumrds  and 
upwards 


Outwards  and 
downwards 


Rectus  interaus. 
Rectus  inferior. 
Obliquus  superior. 


Rectus  extemus. 
Rectus  superior. 
Obliquus  inferior. 


S  Rectus  extemus. 
Rectus  inferior. 
.  Obliquus  superior.] 


Ruete  imitated  the  movements  of  the  eyeballs  by  means  of  %  model,  which  he 
called  the  ophthalmotrope, 
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The  sice  of  the  eyeball  and  its  length  diminiBh  with  age.  The  mobility  b  less 
in  the  vertical  than  in  the  lateral  direction,  and  less  upwards  than  downwards. 
The  normal  and  myopic  eye  can  be  moved  more  outwards,  and  the  long-sighted 
eye  more  inwaida.  The  external  and  internal  rectus  act  most  when  the  eye  U 
moved  outwards,  the  obliqui  when  it  is  rotated  inwards.  An  eye  can  be  toned 
inwards  to  a  greater  extent  when  the  other  eye  at  the  same  time  is  tamed  out- 
wards, than  when  the  other  is  turned  inwards.  Brtring  near  vision,  the  right 
eye  can  be  tamed  less  to  the  right,  and  the  left  to  the  left,  than  daring  distant 
vision  (Hering). 

Bimnltaiieoiu  Ocular  Movemeiits. — Both  eyes  are  always  moved 
simultaneously.  Even  when  one  eje  is  quite  blind,  the  ocular 
muscles  move  when  the  whole  eyeball  is  excited.  When  the  head  is 
straight,  the  movements  always  take  place  so  that  both  visual  planes 
(visual  axes)  lie  in  the  same  plane.  In  front  both  visual  axes  can 
diverge  only  to  a  trifling  extent,  while  they  can  converge  considerably. 
If  individual  ocular  muscles  are  paralysed,  the  position  of  the  visual 
axes  in  the  same  plane  is  disturbed,  and  squinting  results,  so  that  the 
patient  no  longer  can  direct  both  visual  axes  simultaneously  to  the 
same  point,  but  he  directs  the  one  eye  after  the  other.  Even  nys- 
tagmus (p.  941)  occurs  in  both  eyes  simultaneously,  and  in  the  same 
direction.  The  innate,  simultaneous  movement  of  both  eyes  is  spoken 
of  as  an  associated  movement  (Joh.  Miiller).  E.  Hering  showed  that^ 
in  all  ocular  movements,  there  is  a  uniformity  of  the  innervaiion  as  welL 
Even  during  such  movements,  in  which  one  eye  apparently  ia  at  rest, 
there  is  a  movement,  due  to  the  action  of  two  antagonistic  forces,  the 
movements  resulting  in  a  slight  to  and  fro  motion  of  the  eyeball. 

The  motor  nerves  of  the  ocular  muscles  are  the  oculomotorius  (§  345),  the 
trochlearis  (§  346),  and  the  abducens  (§  34S).  The  centre  lies  in  the  corpora 
quadrigemina  (§  379),  and  partly  in  the  medulla  oblongata  (§  379). 


400.  Binocular  Vision. 

Advantages. — Vision  with  both  eyes  affords  the  following  advantages: 
— 1.  The^W  of  vision  of  both  eyes  is  considerably  larger  than  that  of 
one  eye.  2.  The  perception  of  depth  is  rendered  easier,  as  the  retinal 
images  are  obtained  from  two  different  points.  3.  A  more  exact  esti- 
mate of  the  distance  and  size  of  an  object  can  be  formed,  in  consequence 
of  the  perception  of  the  degree  of  convergence  of  both  eyes.  4.  The 
correction  of  certain  errors  in  the  one  eye  is  rendered  possible  by  the 
other. 

When  the  position  of  the  head  izjixed^  we  can  easily  form  a  conception  as  to  the 
Jorm  of  the  entire  Jield  ofvUion  if  we  close  one  eye  and  direct  the  open  eye  inwards. 
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We  obserre  that  it  is  pear-shaped,  broad  above  and  smaller  below,  the  silhouette, 
or  profile  of  the  nose,  canses  the  depression  between  the  upper  and  lower  part  of 
the  field. 


401.  Single  Vision— Identical  Points  of  the  Retina 

—Horopter. 

Identical  Points. — If  we  imagine  the  retinae  of  both  eyes  to  be  a  pair 
of  hollow  saucers  placed  one  within  the  other,  so  that  the  yellow 
spots  of  both  eyes  coincide,  and  also  the  similar  quadrants  of  the 
retinsB,  then  all  those  points  of  both  retinae  which  coincide  or  cover 
each  other  are  called  ''  iderUicaly^  or  "corresponding  "  points  of  the  retina. 
The  two  meridians  which  separate  the  quadrants  coinciding  with  each 
other  are  called  the  "  lines  of  separation,'*  Physiologically,  the  identical 
points  are  characterised  by  the  fact  that,  when  they  are  both  simul- 
taneously excited  by  light,  the  excitement  proceeding  from  them  is,  by 
a  psychical  act,  referred  to  one  and  the  same  point  of  the  field  of  vision, 
lying,  of  course,  in  a  direction  through  the  nodal  point  of  each  eye. 
Stimulation  of  both  identical  points  causes  only  one  image  in  the  field  of 
vision.  Hence,  all  those  objects  of  the  external  world,  whose  rays  of 
light  pass  through  the  nodal  points  to  fall  upon  identical  points  of  the 
retina,  are  seen  singly,  because  their  images  from  both  eyes  are  referred 


Fig.  418. 


Fig.  419. 


Scheme  of  identical  and  non-identical  pointB    Horopter  for  the  secondary  position, 

of  the  retina^  with  convergence  of  the  \i8ual  axes. 
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to  the  same  point  of  the  field  of  vision,  so  that  they  cover  each  other. 
All  other  objects  whose  images  do  not  fall  upon  identical  points  of  the 
retina  cause  "  double  vision/'  [or  diplopia]. 

FroofB.-'If  we  look  at  a  linear  object  with  the  points  1,  2,  3,  then  the  corre- 
sponding retinal  images  are  1,  2,  3  and  1, 2,  3,  which  are  obviously  identical  points 
of  the  reiinflB  (Fig.  418.)  If,  while  looking  at  this  line,  there  be  a  pointy  A,  nearer 
the  eyes,  or  B,  further  from  them,  then,  on  focussing  for  1,  2,  3,  neither  the  rays 
(A,  a,  A,  a)  coming  from  A,  nor  those  (B,  6,  B,  b)  from  B,  £dl  upon  identk»J 
points  ;  hence,  A  and  B  appear  doable. 

Make  a  point  (f.^r.,  2)  with  ink  on  paper;  of  course  the  image  will  ieM  upon  both 
foveas  centrales  of  the  retina  (2,  2),  which,  of  coarse,  are  identicaJ  points.  Now 
press  laterally  upon  one  eye,  so  as  to  displace  it  slightly,  then  two  points  at  onoe 
appear,  becanse  the  image  of  the  point  no  longer  falls  upon  the  fovea  centralis  of 
the  displaced  eye,  but  on  an  adjoining  non-identical  part  of  the  retina.  When  we 
squint  voluntarily  all  objects  appear  double. 

The  vertical  surfaces  of  separation  of  the  retina  do  not  exactly  coincide  with  the 
vertical  meridiana.  There  is  a  certain  amount  of  divergence  (O'S**-^**),  less  above, 
which  varies  in  different  individuals,  and  it  may  be  in  the  same  individual  at 
different  times  (Bering,  Donders).  The  horizontal  lines  of  separation,  however, 
coincide.  Images  which  fall  upon  the  vertical  lines  of  separation  appear  to  be 
vertical  to  those  on  the  horizontal  lines,  although  they  are  not  actually  aoi  Hence, 
the  vertical  lines  of  separation  are  the  apparent  vertical  meridians.  Some  observers 
regard  the  identical  points  of  the  retina  as  an  a4^uired  arrangement ;  others  r^ard 
it  as  normally  innate.  Persons  who  have  had  a  squint  from  their  birth  see  singly; 
in  these  cases  the  identical  points  must  be  differently  disposed. 


The  horopter  represents  all  those  points  of  the  outer  world  from 
which  rays  of  light  passing  into  both  eyes  fall  upon  identical  points  of 
the  retina,  the  eyes  being  in  a  certain  position.  It  varies  with  the 
different  positions  of  the  eyes. 

1.  In  the  primary  position  of  both  eyes  with  the  visual  axes  parallel, 
the  rays  of  direction  proceeding  from  two  identical  points  of  the  two 
retinae,  are  parallel  and  intersect  only  at  infinity.  Hence,  for  the 
primary  position,  the  horopter  is  a  plane  in  infinity. 

2.  In  the  secondary  position  of  the  eyes  with  converging  visual 
axes,  the  horopter  for  the  transverse  lines  of  separation  is  a  circle  which 
passes  through  the  nodal  points  of  both  eyes  (Fig.  419,  K,  K^)  and 
through  the  fixed  points  I,  II,  III  (Joh.  Miiller).  The  horopter  of 
the  vertical  lines  of  separation  is  in  this  position  vertical  to  the  pla&o 
of  vision. 

3.  In  the  symmetrical  tertiary  position,  in  which  the  horizontal  snd 
vertical  lines  of  separation  form  an  angle,  the  horopter  of  the  vertical 
lines  of  separation  is  a  straight  line  inclined  towards  the  horizon. 
There  is  no  horopter  for  the  identical  points  of  the  horizontal  lines  of 
reparation,  as  the  lines  of  direction  prolonged  from  the  identical  points 
of  these  points  do  not  intersect 
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4.  In  the  unsymmetrical  tertiary  position  (with  rolling)  of  the  eyes,  in 
which  the  fixed  point  lies  at  unequal  distances  from  both  nodal  points^ 
the  horopter  is  a  curve  of  a  complex  form. 

All  objects,  the  rays  proceeding  from  which  fall  upon  non-identicdl 
points  of  the  retinae,  appear  double.  We  can  distinguish  dired  or  crossed 
double  images,  according  as  the  rays  prolonged  from  the  non-identical 
points  of  the  retina  intersect  in  front  of  or  behind  the  fixed  point 

Experiment. — Hold  two  fingen^the  one  behind  the  other— before  both 
eyes.  Accommodate  for  the  far  one,  and  then  the  near  one  appears  double,  and 
when  we  accommodate  for  the  near  one,  the  &r  one  appears  double.  If,  when 
accommodating  for  the  near  one,  the  right  eye  be  closed,  the  left  (crossed)  image 
of  the  far  finger  disappears.  On  accommodating  for  the  £sr  finger  and  closing  the 
right  eye,  the  right  (direct)  doable  image  of  the  near  finger  disappears. 

Double  images  are  referred  to  the  proper  distance  from  the  eyes,  just 
as  single  images  are. 

Neglect  of  Double  Images. — Notwithstanding  the  very  large  number 
of  double  images  which  must  be  formed  during  vision,  they  do  not 
disturb  vision.  As  a  general  rule,  they  are  **  neglected,^'  so  that  the 
attention  must,  as  a  rule,  be  directed  to  them  before  they  are  per- 
ceived.    This  condition  is  favoured  thus : — 

1.  The  attention  is  always  directed  to  the  point  of  the  field  ol 
vision,  which  is  accommodated  for  at  the  time.  The  image  of  this 
part  is  projected  on  to  both  yellow  spots,  which  are  identical  points  of 
the  retina. 

2.  The  form  and  colour  of  objects  on  the  lateral  parts  of  the  retina 
are  not  perceived  so  sharply. 

3.  The  eyes  are  always  accommodated  for  those  points  which  are 
looked  at.  Hence,  indistinct  images  with  diffusion  circles  are  always 
formed  by  those  objects  which  yield  double  images,  so  that  they  can 
be  more  readily  neglected. 

4.  Many  double  images  lie  so  close  together  that  the  greater  part 
of  them,  when  the  images  are  large,  covers  the  other. 

5.  By  practice  images  which  do  not  exactly  coincide  may  be  united. 


402.  Stereoscopic  Vision. 

On  looking  at  an  object,  both  eyes  do  not  yield  exactly  similar 
images  of  that  object — the  images  are  slightly  different,  because  the  two 
eyes  look  at  the  object  from  two  different  points  of  view.  With  the 
right  eye  we  can  see  more  of  the  side  of  the  body  directed  towards  it, 
and  the  same  is  the  case  with  the  left  eye.    Notwithstanding  this 
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Fig.  420. 
Two  Stereoscopic  Drawings. 


inequality,  the  two  images  are  united.    How  two  different  images  are 
combined  is  best  understood  by  analysing  the  stereoscopic  images. 

Let,  in  Fig.  490,  L  and  R  tepresent  two 
sooh  imagea  as  are  obtained  with,  the  left  and 
right  eyee.  These  images,  when  seen  wilih  a 
stereoaoope,  look  like  a  tnmcated  pyramid, 
which  projects  towarda  the  eye  of  the  obaenrer, 
as  the  pointa  indicated  by  the  same  signs  cow 
each  other.  On  meaaoring  the  distance  of  the 
pointa  which  coincide  or  cover  each  other  in 
both  figurea,  we  find  that  the  distanoes  A,  a, 
B»  6,  C,  c,  D,  d  are  equally  greats  and  at  tbe 
same  time  are  the  widest  of  ^  the  points  of  hath 
figures;  the  distances  £,  e,  F,/,  G,  ^,  H,  A,  are 
also  equal,  bat  are  imdUer  than  the  former..  On  looking  at  the  coinciding  liofli 
(A,  £,  a,  «,  and  B,  F,  b,/)  we  obaerve  that,  all  the  points  of  this  line  which  lie 
nearer  to  A  a,  and  B  6,  are  further  apart  than  those  Ijring  nearer  £  e,  and  F/. 

Comparing  these  results  with  the  stereoscopic  image,  we  have  tbe 
following  laws  for  stereoscopic  vision: — !•  All  those  points  of  two 
stereoscopic  images,  and,  of  course,  of  two  retinal  images  of  an  object^ 
which  in  both  images  are  equally  distant  from  each  other,  appear  on  tibe 
same  plane.  2.  All  points  which  are  nearer  to  each  other,  compared 
with  the  distance  of  other  points,  appear  to  be  nearer  to  the  observer. 
3.  Conversely,  all  points  which  lie  further  apart  firom  each  other 
appear  perspectively  in  the  back-ground. 

The  cause  of  this  phenomenon  lies  in  the  fact  that,  ^'in  vision  with 
both  eyes  we  constantly  refer  the  position  of  the  individual  images  in 
the  direction  of  the  visual  axis  to  where  they  both  intersect." 

ProofiB.— The  following  stereoscopic  experiment  (Fig.  421)  proves  this :— Take 
both  images  of  two  pairs  of  points  (a,  6,  and  «,  fi),  which  are  at  unequal  distances 
from  each  other  on  the  surface  of  the  paper.  By  means  of  small  stereoscopic  prisnu 
cause  them  to  coincide,  then  the  combined  point,  A  of  a,  and  •  appean  at  s 
distance  on  the  plane  of  the  paper,  while  the  other  point,  B,  produced  by  the 
superpoaition  of  b  and  fi,  floata  in  the  air  before  the  observer.  Fig.  421  ahowa  how 
this  occura.  The  following  experiment  ahows  the  aame  result: — Draw  two 
figures,  which  are  to  be  superposed  similar  to  the  lines  B,  A,  A,  £,  b,  a,  and  a,  e,  in 
Fig.  420.  In  the  lines  B,  A,  and  &,  a,  all  the  points  which  are  to  be  superposed  lie 
equally  distant  from  each  other,  while,  on  the  contraiy,  all  the  points  in  A,  E» 
and  d,  e,  which  lie  nearer  E  and  e,  are  constantly  nearer  to  each  other.  When 
looked  at  with  a  stereoscope,  the  superposed  verticals.  A,  e,  and  B,  b,  lie  in  the 
plane  of  the  paper,  while  the  superposed  lines,  A,  a,  and  E,  e,  project  obliquely 
towards  the  observer  from  the  plane  of  the  paper.  From  these  two  funds- 
mental  experiments  we  may  analyse  all  pairs  of  stereoscopic  pictures.  Thus,  in 
Fig.  420,  if  we  exchange  the  two  pictures,  so  that  R  lies  in  the  plaoe  of  L,  then  we 
must  obtain  the  impression  of  a  truncated  hollow  pyramid. 

Two  stereoscopic  pictures,  which  are  so  constructed  that  the  one  contains  the 
body  from  the  front  and  above,  and  the  other,  it  from  the  front  and  below 
(suppose  in  Fig.  420  the  lines  A  B,  and  a  b,  were  the  ground  lines),  can  never 
be  superposed  by  means  of  the  atereoacope. 
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Kg.  421. 
Scheme  of  Brewster's  Stereoscope. 


Fig.  422. 
Wheatstone's  Stereoscope. 


This  process  has  been  explained  in  another  way.  Of  the  two. 
figures,  R  and';L  (Fig.  420),  only  A  B  C  D,  and  ah  cd,  fall  upon 
identical  points  of  the  retina^  hence  these  alone  can  be  superposed; 
or,  when  there  is  a  different  convergence  of  the  visual  aziff,  only 
E  F  G  H,  and  e  f  g  h^  can  be  superposed  for  the  same  reason. 
Suppose  the  square  ground  surfaces  of  the  figures  are  first  superposed^ 
in  order  to  explain  the  stereoscopic  impression,  it  is  further  assumed 
that  both  eyes,  after  superposition  of  the  ground  squares,  are  rapidly 
moved  towards  the  apex  of  the  pyramid.  As  the  axes  of  the  eyes 
must  thereby  converge  more  and  more,  the  apex  of  the  pyramid^ 
appears  to  project;  as  all  points  which  require  the  convergence  of  the 
eyes  for  their  vision  appears  to  us  to  be  nearer  (see  below).  Thus,  all 
corresponding  parts  of  both  figures  would  be  brought,  one  after  the 
other,  upon  identical  points  of  the  retina  by  the  movements  of  the 
«yes  (Briicke). 

It  has  been  urged  against  this  view  that  the  duration  of  an  electrical 
spark  suffices  for  stereoscopic  vision  (Dove) — a  time  which  is  quite 
insufficient  for  the  movements  of  the  eyes.  Although  this  may  be 
true  for  many  figures,  yet  in  the  correct  combination  of  complex  or 
extraordinary  figures,  these  movements  of  the  visual  axes  are  not  err 
eluded^  and  in  many  individuals  they  are  distinctly  advantageous. 
Not  only  the  actual  movements  necessary  for  this  act,  but  the 
sensations  derived  from  the  muscles  are  also  concerned* 
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When  two  figores  are  mometUarily  combined  to  form  a  stereoscopic 
picture,  there  being  no  movement  of  the  eyes,  clearly  many  points  ib 
the  stereoscopic  pictures  are  superposed  which,  stricUy  speaking,  do  not 
fall  upon  identical  points  of  the  retina.    Hence,  we  cannot  characterise 
the  identical  points  of  the  retina  as  coinciding  mathematically  (p.  1029); 
but^  from  a  physiological  point  of  view,  we  must  regard  such  points  as 
identical  which,  as  a  rule,  by  simultaneous  stimulation,  give  rise  to  a 
single  image.     The  mind  obviously  plays  a  part  in  this  combination  of 
imagea     There  is  a  certain  psychical  tendency  to  fuse  the  double 
images  on  the  retinsB  into  one  image,  in  accordance  with  the  fiict  that 
we,  from  experience,  recognise  the  existence  of  a  single  object.     If  the 
differences  between  two  stereoscopic  pictures  be  too  great»  so  that  parts 
of  the  retina  too  wide  apart  are  excited  thereby,  or  when  new  lines  are 
present  in  a  picture,  and  do  not  admit  of  a  stereoscopic  effect,  or  dis- 
turb the  combination,  then  the  stereoscopic  effect  ceases. 

The  stereoscope  is  an  instrument  by  means  of  which  two  somewhat  simiUr 
pLctores  drawn  in  perspective  may  be  superposed  so  that  they  appear  single. 
Wheatstone  (1838)  obtained  this  result  by  means  of  two  mirrors  placed  at  an 
angle  (Fig.  422) ;  Brewster  (1843)  by  two  prisms  (Fig.  421).    The  constmctioii 
and  mode  of  action  are  obvious  from  the  illustrations. 

Some  pairs  of  two  such  pictures  may  be  combined,  without  a  stereoscope,  by 
directing  the  visnil  axis  of  each  eye  to  tiie  picture  held  opposite  to  it. 

Two  completely  identical  pictures,  t.e.,  in  which  all  corresponding  points  hav» 
exactly  the  same  relation  to  each  other  as  the  same  sides  of  two  copies  of  a  book, 
appear  quite  Hat  under  the  stereoscope;  as  soon,  however,  as  in  one  of  them  one  or 
more  points  alters  its  relation  to  the  corresponding  points,  this  point  either 
projects  or  recedes  from  the  plane. 

Telestereosoope.— When  objects,  placed  at  a  great  distance,  are  looked  at» 
€,g,,  the  most  distant  part  of  a  landscape,  they  appear  to  us  to  be  flat,  as  in  a  picture, 

and  do  not  stand  out, 
IVT  because  the  slight  dif  > 

^  ferenoes  of  position  of 

our  eyes  in  the  head 
are  not  to  be  compared 
with  the  great  distance. 
In  order  to  obtain  a. 
stereoscopic  view  of 
such  objects,  v.  Helm- 
holtz  constructed  the 
TeUitereoKope  (Fig* 
423),  an  i^paratns 
which,  by  means  of 
two  parallel  mirrors^ 
places,  as  it  were,  the  point  of  view  of  both  eyes  wider  apart  Of  the  mirrors,  L 
and  B,  each  projects  its  image  of  the  landscape  npon  I  and  r,  to  which  both 
eyes,  O,  o,  are  directed.  According  to  the  distance  between  L  and  R,  the  eyes,  O,  o, 
as  it  were,  are  displaced  to  0, ,  o^  The  distant  landscape  appears  like  a  stereoscopic 
view.  In  order  to  see  distant  parts  more  clearly  and  nearer,  a  doable  telescope 
or  opera-glass  may  be  placed  in  front  of  the  eyes  (p.  1037). 
Take  two  corresponding  stereoscopic  pictures,  with  the  surfaces  black  in  one 
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Fig.  423. 
Telestereosoope  of  v.  Helmholtz. 
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ewe  and  light  in  tha  other.  Dmr  two  trnncatod  pyramids  liks  tig.  420,  maka 
one  figure  exactlj  like  L,  i.e.,  with  »  white  surface  tuid  bUck  lines,  u)d  the  other 
with  white  linea  ondablaok  inrfaoe,  them  under  the  BtersoscapeBach  objects  glance. 
The  caaaing  of  the  gUncing  condition  is  that  the  glancing  bodjr  at  a  certain  distanoe 
reflecta  bright  light  into  one  eye  and  not  Into  the  other,  becanse  a  ray  refieetod  at 
as  angle  cannot  enter  both  eyes  nnmltaneonaly  (Dove). 

WbeatBtone'a  Fsendoscope  eoDsistB  of  two 
right-angled  prisms  (Fig.  424,  A  and  B)  enclosed 
in  a  tube,  through  which  we  can  look  in  a 
direction  parallel  with  the  anrfacea  of  the  hypo- 
thenensea.  If  a  spherical  surface  be  looked  at 
with  this  initmment,  the  image  formed  in  each 
eye  ii  inverted  laterally.  The  right  eye  sees  the 
view  naually  obtuned  by  the  left  eye,  and  con- 
venaly ;  the  shadow  which  the  body  in  the  light 
throws  npon  a  light  groimd  ia  reverted.  Hence 
Uia  ball  appears  hollow. 

Conteit  Of  the  Fields  of  Vlaion.— The 
atereoacope  is  also  naefnl  for  the  following  pnr- 
pcae:— In  vision  with  both  eyea,  both  eyea  are 
almost  never  active  simnltaneonsly  and  to  the 
same  extent ;  both  undergo  variatioDS,  so  that 
first  the  impression  on  the  one  retina  and  than 
that  on  the  other  is  stronger.  If  two  different 
aarfocee  be  placed  in  a  stereoacope,  then,  espedally 
when  they  ore  lominous,  theae  two  alternate  in 
the  general  field  of  vision,  according  as  one  or 
other  eye  is  active  (Pannm).  Take  two  surfaces  with  lines  nded  on  them,  so  that 
when  the  sur&ces  are  anperpoBed,  the  lines  will  cross  each  other,  then  either  the 
one  or  the  other  system  of  lines  is  more  prominent  (Pannm).  The  same  ie 
true  with  coloured  stereoecopic  figares,  so  that  there  is  a  contest  of  the  coloured 
fields  of  vision. 


Fig.  424. 
Wheatatoue's  Pseudoecope. 


403.  Estimation  of  Size  and  Distance- 
Estimates  of  Size  and  Direction. 


-False 


size. — We  estimate  tlie  size  of  an  object — apart  from  all  other 
factors — from  the  size  of  tke  retinal  image;  thus,  the  moon  is  estimated  to 
be  larger  than  the  stars.  I^  while  looking  at  a  distant  landscape,  a  fly 
ahould  suddenly  pass  across  our  field  ol  vision,  near  to  out  eye,  then  the 
image  of  the  fiy,  owing  to  the  relatively  great  size  of  the  retinal  image, 
may  give  one  the  impression  of  on  object  as  large  as  a  bird.  I^  owing 
to  defective  accommodation,  the  image  gives  rise  to  difliision  circles,  the 
uze  may  appear  to  be  even  greater.  But,  objects  of  very  unequal  size 
give  equally  \atgo  retinal  images,  especially  if  they  are  placed  at  such 
a  distance  tbat  they  form  the  same  visual  angle  (Fig.  385) ;  so  that  in 
estimating  the  aduid  size  of  an  object,  as  opposed  to  the  apparent  size 


1036  ESTIMATION  OF  SIZE  AND  DISTANCE. 

determined  by  the  visual  angle,  the  estimaU  of  distance  is  of  the  greatest 
importance. 

As  to  the  distance  of  an  object,  we  obtain  some  infonnatioii  team  the 
feeling  of  accommodation,  as  a  greater  effort  of  the  muscle  of  aooommoda- 
tion  is  required  for  exact  vision  of  a  near  object  than  for  seeing  a 
distant  one.  But,  as  with  two  objects  at  unequal  distances  giving 
retinal  images  of  the  same  size,  we  know  from  experience  that 
that  object  is  smaller  which  is  near,  then  that  object  is  eetiinated  to 
be  the  smaller,  for  which,  during  vision,  we  must  accommodate  more 
strongly. 

In  this  way  we  explain  the  following:— A  person  beginning  to  nae  a  mioroseope 
always  observes  with  the  eyes  aocommodated  for  a  near  object,  while  one  used  to 
the  microscope  looks  through  it  without  accommodating.  Hence,  beginners  always 
estimate  microscopic  objects  as  too  small,  and  on  making  a  dravring  of  them  it  is 
too  small.  If  we  produce  an  after  image  in  one  eye,  it  at  once  appears  smaller  on 
accommodating  for  a  near  object,  and  again  becomes  laiger  during  negative  aocom* 
modation.  If  we  look  with  one  eye  at  a  small  body  placed  as  near  as  possible 
to  the  eye,  then  a  body  lying  behind  it,  but  seen  only  indireotlyy  appeiis 
smaller. 

Angle  of  Convergence  of  ViBual  Axes. — In  estimating  the  size  of  an 
object  and  taking  into  account  our  estimate  of  its  distance,  we  also 
obtain  much  more  important  information  from  the  degree  of  conver- 
gence of  the  visual  axes.  We  refer  the  position  of  an  object,  viewed 
with  both  eyes,  to  the  point  where  both  visual  axes  intersect.  The 
angle  formed  by  the  two  visual  axes  at  this  point  is  called  the 
*'  angle  of  convergence  of  the  visual  axes "  (GesicktswinJcel).  The 
larger,  therefore,  the  visual  angle,  the  size  of  the  retinal  image  remain- 
ing the  same — we  judge  the  object  to  be  nearer.  The  nearer  the 
object  is,  it  may  be  the  smaller  in  order  to  form  a  "  visual  angle  "  of  the 
same  size,  such  as  a  distant  large  object  would  giv&  Hence,  we  con- 
clude, that  with  the  same  apparent  size  (equally  large  visual  angle,  or 
retinal  images  of  the  same  size),  we  judge  that  object  to  be  smallest, 
which  gives  the  greatest  convergence  of  the  visual  axes  during  bino- 
cular vision.  As  to  the  muscular  exertion  necessary  for  this 
purpose,  we  obtain  information  from  the  musciUar  sense  of  the  ocular 
muscles. 

Experiments  and  Proofi— The  Chess-board  Phenomenon  of  H.  Meyer.—H 

we  look  at  a  uniform  chess-board-like  pattern  (tapestry),  then,  when  the  visoal  ixee 
are  directed  directly  forwards,  the  spaces  on  the  pattern  appear  of  a  certain  size. 
If,  now,  we  look  at  a  nearer  object,  we  may  cause  the  visual  axes  to  cross,  when 
the  pattern  apparently  moves  towards  the  plane  of  the  fixed  point,  so  that  the 
crossed  double  images  are  superposed,  and  the  pattern  at  once  appears  smaller. 

2.  Rollett  looks  at  an  object  through  two  thick  plates  of  glass  placed  at  aa 
angle.    The  plates  are  at  one  time  so  placed  that  the  apex  of  the  angle  is  directed 


Fig.  425. 
Rollett'e  glttM  plate  apparatiu. 
,  rRi,  and  the  uine  oit  t 
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towards  the  ob«erver  (Fig-  425,  II),  »t  anothOT  in  the  Mvene  pomtion  (I).     If  both 

«jes,/»nd  i,  are  to  see  the  object  a,  in 

I,  then,  OS  the  glass  plates  bo  dupkce 

the  rays,  a,  e,  and  a,  p,  as  to  make  them 

parallel  with  the  direotton  of  these  rays, 

vis.,  e,/,  andA,  i,  then  the  eyes  must  con- 

txrge  more  than  when  they  are  tamed 

directly  towards  a.     Hence,  the  object 

appears  nearer  and  smallei,  as  at  a.     In 

n,  the  rays,  fii  it,   and  bi  o.  From  the 

nearer  object,   bi,   &11  npon  the  glass 

plates.      In  order  to  see  bj,   t^  eyes 

(n  and  q),  must  diverge  more,  so  that  b 

appears  more  distant  and  larger. 

3.  In  looking  through  WheatiUme'a 
rejleeting  ilereotcopc  (Fig.  422,  II),  it  is 
obvious  that  the  more  the  two  images  ap- 
proach the  observer,  the  more  must  the 
observer  converge  his  visual  aies,  because 
the  angles  of  ineid^nce  and  reflexion  are 
greater.  Hence,  the  componnd  picture 
now  appears  to  lii"i  to  be  tmaUtr.  If  the 
centre  of  the  image,  B,  recedes  to  Ri, 
then,  of  conise,  the  angle,  Sn,  rp,  is  equal  to  S 
leftside. 

4,  In  using  the  kle»tereo»cope,  the  two  eyes  are,  as  it  nere,  separated  from  each 
other,  then,  of  cooim^  in  looking  at  objects  at  a  certun  distance,  the  coavergenca 
of  the  visual  axes  mnst  be  greater  than  in  normal  vision.  Hence,  objects  in  a 
landscape  appear  as  in  a  small  model.  But  as  we  are  accustomed  to  infer  that 
anch  small  objects  are  at  a  great  distance,  hence  the  objects  themselves  appear  to 
recede  in  the  diststnce. 

Estimation  of  Distance. — When  the  retinal  images  are  of  the  same 
size,  we  estimate  tbe  distance  to  be  greater,  the  less  the  effort  of 
accomiwdaiion,  and  conversely.  In  binocular  viflion,  when  the  retinal 
images  are  of  the  same  size,  we  infer  that  that  object  is  most  distant 
for  which  the  optic  axes  are  least  convei^d,  and  conversely.  Thus, 
the  estimation  of  size  and  distance  go  hand  in  hand,  in  great  part  at 
least,  and  the  correct  estimation  of  the  distance  also  gives  us  a  correct 
estimate  of  the  size  of  objects  (Descartes).  A  further  aid  to  the  esti- 
mation of  distance  is  the  observation  of  the  apparent  displactmeRt  of 
objects,  on  moving  our  head  or  body.  In  the  latter,  especially,  lateral 
objects  appear  to  change  their  poBition  toward  the  background,  the 
nearer  they  are  to  ub.  Hence,  when  travelling  in  a  train,  in  which 
case  the  change  of  position  of  the  objects  occurs  very  rapidly,  the 
objects  themselves  are  r^;arded  as  nearer  (Sick),  and  also  smaller 
(Dove). 

Lastly,  those  objects  appear  to  as  to  be  neared  which  are  most 
^tinet  in  the  field  of  vision. 

Example. — a  light  in  a  dark  landscape,  and  a  HuTTling  crown  of  snow  on  a  hill. 
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appear  to  be  near  to  ns ;  looked  at  from  the  top  of  a  high  mountaiD,  the  ulver 
gluicing  carved  oonrse  oi  a  river  not  anfreqnently  appears  as  if  it  were  raised 
from  the  plane. 

False  Eatimates  of  Siie  and  Direction.— l.  A  Une  divided  by  intermediate 
points  appears  longer  than  one  not  so  divided.  Hence,  the  heavens  do  not  appear 
to  US  as  a  hollow  sphere,  but  as  carved  like  an  ellipse ;  and  for  the  last  reason  the 
disc  of  the  setting  snn  is  estimated  to  be  larger  than  the  san  when  it  is  in  the 
senith  (Ptolemy,  160  a.d.).  2.  If  we  move  a  circle  slowly  to  and  fro  behind  a 
slit  it  appears  as  a  horizontal  ellipse,  if  we  move  it  rapidly  it  appears  as  a  vertical 
ellipse.  3.  If  a  very  line  line  be  drawn  obliquely  across  a  vertical  thick  bUck 
line,  then  the  direction  of  the  fine  line  beyond  the  thick  one  appears  to  be  different 
from  its  original  direction.  4.  Zdllner*B  Lines. — Draw  three  parallel  horizontal 
lines  1  centimetre  apart,  and  through  the  upper  and  lower  ones  draw  short 
oblique  parallel  Lines  in  the  direction  from  above  and  the  left,  to  below  and  the 
right;  through  the  middle  line  draw  similar  obUqne  lines,  but  in  the  opposite 
direction,  then  the  three  horizontal  lines  no  longer  appear  to  be  paralleL  If  we 
look  in  a  dark  room  at  a  bright  vertical  line,  and  then  bend  the  head  toward  the 
shoulder,  the  line  appears  to  be  bent  in  the  opposite  direction  (Aubert). 


404,  Protective  Organs  of  the  Eye. 

I.  The  eyelide  are  represented  in  section  in  Fig.  426.  The  tarsus  is  in  reality 
not  a  cartilage,  but  merely  a  rigid  plate  of  connective-tissue,  in  which  the 
Meibomian  glands  are  imbedded;  acinous  sebaceous  glands  moisten  the  edges 
of  the  eyelids  with  fatty  matter.  At  the  basal  margin  of  the  tarsus,  especially  of 
the  upper  one,  close  to  the  reflection  of  the  conjunctiva,  there  opens  the  acino- 
tubular  glands  of  Krause.  The  cox^unctiva  covers  the  anterior  surfiaoe  of  the 
bulb  as  fiskr  as  the  margin  of  the  cornea,  over  which  the  epithelium  alone  is  con- 
tioued.  On  the  posterior  sur£»ce  of  the  eyelid  the  conjunctiva  is  partly  provided 
with  papillflB.  It  is  covered  by  stratified  prismatic  epithelium.  Coiled  glands 
occur  in  ruminante  just  outoide  the  margin  of  the  cornea  (Meissner),  while  oatside 
this  towards  the  outer  angle  of  the  eye  in  the  pig,  there  are  simple  glandular  sacs 
(Monz).  Waldeyer  describes  modified  sweat  glands  in  the  tarsal  margins  in  man. 
Small  lymphatic  sacs  in  the  coujunctiva  are  called  trachoma  glands.  Krause 
found  end'bulba  in  the  oox^unctiva  bulbi.  The  blood-vessels  in  the  conjunctiva 
conununicate  with  the  juice  canals  in  the  cornea  and  sclerotic  (pp.  965,  966).  The 
secretion  of  the  coigunctiva,  besides  some  mucus,  consists  of  tears,  which  may  be 
as  abundant  as  those  formed  in  the  lachrymal  glands. 

The  clorare  of  the  eyelids  is  accomplished  by  the  orbicularis  pal- 
pebrarum (JackU  nerve,  §  349),  whereby  the  upper  lid  falls  in  virtue 
of  ite  own  weight.  This  muscle  contracts — 1,  voluntarily;  2,  in- 
voluntarily (single  contractions) ;  3,  reflexly  by  stimulation  of  all  the 
sensory  fibres  of  the  trigeminus  distributed  to  the  bulb  and  its 
immediate  neighbourhood  (§  347),  also  by  intense  stimulation  of  the 
retina  by  light ;  4,  continued  involuntary  closure  occurs  during  sleep. 

The  opening  of  the  eyelids  is  brought  about  by  the  passive  descent 
of  the  lower  one,  and  the  active  elevation  of  the  upper  eyelid  by  the 
levator  palpebrae  superioris  (§  345).  The  smooth  muscular  fibres  of 
the  eyelids  also  aid  (p.  795). 


THE  LACHRYMAL  APPARATUS. 
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IL  The  laduymal  apparatus  couiistB  of  the  Jachrymal  glaade,  which  in 
Btructnre  closely  regemble  the  porotiil,  their  acini  being  lined  by  low  cyliadrical 
granuUr  epithelinin.  Four  to  five  larger  and  eight  to  ten  smaller  eicretory  dacta 
condact  the  tears  above  the  ODter  angle  of  the  lid  into  the  fornix  coujunctiTs. 
The  tear  dacti,  beginning  tt  the  pancta  lachrynwlia,  are  compoaed  of  coonective- 
and  ehutic-tiBBae,  and  »re  lined  by  stratilied  sqaamous  epithelium.  Striped 
muicle  accompaniea  the  duct,  and  by  ita  contraction  heepa  the  duct  open  (Wedl). 
Toldt  fonnd  no  sphincter  surrounding  the  punctalachrymalia,  while  Gerlftch  found 
an  incomplete  circular  moiculature.  The  connective-tissue  covering  of  the  tear 
eac  and  canal  is  onited  with  the  adjoining  perioBteum.  The  thin  mucous  mem- 
brane, which  contains  mnoh  adenoid  tissue  and  lymphs  cells,  is  lined  by  a  single 
layer  of  ciliated  cylindrical  epitheliam,  which  below  passes  into  the  atratiGed 
.squamona  form.  The  opening  of  the  duct  is  often  provided  with  a  valre-Uke  fold 
<Ha*ner't  valve)^ 

The  condnotioiL  of  the  tears  occurs  between  the  lids  and  the  bnlb 
by  means  of  capillariiy,  the  closure  of  the  eyelids  aiding  the  process. 


Vertical  section  through  the 
upper  eyelid,  after  Wal- 
deyer— J,  cutis;  1,  epider- 
mis; 2,  chorium ;  B  and 
3,  sabcutaneouB  coimeetive- 
tissue ;  C  and  T,  orbiculsriB 
muscle  and  ita  bundles ; 
D,  loose  Bub-muscnlar  con- 
nective-tissue i  E,  insertion 
of  H.  MuUer's  muscle;  F, 
tareus;  O,  conjunctiva;  J, 
inner  edge  of  the  lid;  K, 
outer  edge;  4,  pigment  cells 
inthecntds;  6,  sweatglands; 
6,  hair  follicles  with  hairs; 
Sand  23,  sections  of  nerves ; 
9,  arteries;  10,  veins;  11, 
cilia;  12,  modified  sweat 
glands;  i:i,  circular  muscle 
of  Biolan ;  14,  opening  of  a  i 
Meibomian  gland;  15,  sec- 
tion of  an  acinus  of  the 
same;  16,  posterior  tarsal 
glands;  18  and  16,  tissue 
of  tbetarms;  ZO^pretarsal 
or  snb-mnscular  connective- 
tinne;  21  and  22,  coi^'unc. 
tiva,  with  ita  epithelinm; 
24,  fU;  2S,  loosely  woven 
posterior  wd  of  the  tanns ; 
28,  (ection  of  a  palpebral 
artery. 
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The  Meibomian  secretion  prevents  the  overflow  of  the  tears,  [just  as 
greasing  the  edge  of  a  glass  vessel  prevents  the  water  in  it  from  over- 
flowing]. The  tears  are  conducted  from  the  puncta  through  the  duct, 
especially  by  a  siphon  action  (Ad.  Weber).  Homer's  muscle  (also 
known  to  Duvemoy,  1678)  likewise  aids,  as  every  time  the  eyelids  are 
closed  it  pulls  upon  the  posterior  wall  of  the  sac,  and  thus  dilates  the 
latter,  so  that  it  aspirates  tears  into  it  (Henke). 

£.  H.  Weber  and  Hasner  ascribe  the  aapiration  of  the  tears  to  the  diminution  of 
the  amount  of  air  in  the  nasal  cavities  during  inspiration.  Arlt  asserts  that  the 
tear  sac  is  compressed  by  the  contraction  of  the  orbicnlaris  muscle,  so  that  the 
tears  must  be  forced  towards  the  nose.  Lastly,  Stellwag  supposes  that,  when  the 
eyelids  are  closed,  the  tears  are  simply  pressed  into  the  puncta»  while  Gad  denies 
that  there  is  any  kind  of  pumping  mechanism  in  the  nasal  canaL  Landois  points 
out  that  the  tear  ducts  are  surrounded  by  a  plexus  of  veins,  which  acoording  to 
their  state  of  distension  may  influence  the  size  of  these  tubes. 

The  secretion  of  tears  occur  only  by  direct  stimulation  of  the 
lachrymal  nerve  (p.  792);  subcutaneous  malar  (p.  797,  2)  and  cervical 
sympathetic  (p.  832,  6),  which  have  been  called  secretory  nerves.  They 
may  also  be  excited  reflexly  (p.  798)  by  stimulation  of  the  nasal  mucous 
membrane,  only  on  the  same  side  (Herzenstein).  The  ordinary 
secretion  in  the  waking  condition  is  really  a  reflex  secretion  produced 
by  the  stimulation  oi  the  anterior  surface  of  the  bulb  by  the  air,  or  the 
evaporation  of  tears.  In  sleep,  all  these  factors  are  absent,  and  there 
is  no  secretion.  Eeichel  found  that  in  the  active  gland  (after  injection 
of  pilocarpin),  the  secretory  cells  became  granular,  turbid,  and  [smaller^ 
while  the  outlines  of  the  cells  became  less  distinct,  and  the  nuclei 
spheroidal  In  the  resting  gland,  the  cells  are  bright  and  slightly 
granular  with  irregular  nuclei.  Intense  stimulation  by  light  acting  on 
the  optic  nerve  causes  a  reflex  secretion  of  tears.  The  flow  of  tears 
accompanying  certain  violent  einotions,  and  even  hearty  laughing,  ib 
still  unexplained.  During  coughing  and  vomiting,  the  secretion  of 
tears  is  increased  partly  reflexly,  and  partly  by  the  outflow  being 
prevented  by  the  expiratory  pressure. 

Fimction. — ^The  tears  moisten  the  bulb,  protect  it  firom  drying,  and 
float  away  small  particles,  being  aided  in  this  by  the  closure  of 
the  eyelids.    Atropin  diminishes  the  tears  (Mogaard). 

Composition. — ^The  tears  are  alkaline,  saline  to  taste,  and  repre- 
sent a  "serous"  secretion.  Water 98*1  to  99;  1*46  organic  substances 
(O'l  albumin  and  mucin,  0*1  epithelium);  0*4  to  0*8  salts  (especially 
NaCl). 

405.  Comparative— Historical. 

Comparative.— The  simplest  form  of  visual  apparatus  is  represented  by  aggre> 
gations  of  pigment  cells  in  the  outer  coverings  of  the  body,  which  are  in  connection 
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with  the  tenninatioii  of  aflferent  nerves.  The  pigment  absorbs  the  rays  of  light, 
and  in  virtue  of  the  light-ether,  discharges  kinetic  energy,  which  excites  the 
terminations  of  the  nervous  apparatus.  Collections  of  pigment  cells,  with  nerve- 
fibres  attached,  and  provided  with  a  clear  refractive  body,  occur  on  the  margin  of 
the  bell  of  the  higher  medussa,  while  the  lower  forms  have  only  aggregations  of 
pigment  on  the  bases  of  their  tentacles.  Also,  in  many  lower  worms,  there  are 
pigment  spots  near  the  brain.  In  others,  the  pigment  lies  as  a  covering  roimd  the 
terminations  of  the  nerves,  which  occur  as  "crystalline  rods"  or  *'crystalliDe 
spheres."  Id  parasitic  worms  the  visual  apparatus  is  absent.  In  gtar-fishes  the 
eyes  are  at  the  tips  of  the  arms,  and  consist  of  a  spherical  crystal  organ  sur- 
rounded with  pigment,  with  a  nerve  going  to  it.  In  all  other  echinodermata  there 
are  only  accumulations  of  pigment.  Amongst  the  anXLIllosa  there  are  several 
grades  of  visual  apparatus^l.  WUJiout  a  cornea,  there  may  be  only  one  ctystal 
sphere  (nervous  end-oigan)  near  the  brain,  as  in  the  young  of  the  crab ;  or  there  may 
be  several  crystal  spheres  forming  a  compound  eye,  as  in  the  lower  crabs.  2.  Wi^i 
a  comeoy  consisting  of  a  lenticular  body  formed  from  the  chitin  of  the  outer  integu- 
ment, the  eye  itself  may  be  simple,  merely  consisting  of  one  crystal  rod,  or  it  may 
be  compound.  The  compound  eye  consists  of  only  one  large  lenticular  cornea, 
common  to  all  the  crystal  rods,  as  in  the  spiders  ;  or  each  crystal  rod  has  a  special 
lenticular  cornea  foritselt  The  numerous  rods  surrounded  by  pigment  are  closely 
packed  together,  and  are  arranged  upon  a  curved  surface,  so  that  their  free  ends 
also  form  a  part  of  a  sphere.'  The  chitinous  investment  of  the  head  is  fiu^etted, 
and  forms  a  small  corneal  lens  on  the  free  end  of  each  rod.  According  to  one 
view,  each  faoette,  with  the  lens  and  the  crystal  sphere,  is  a  special  eye,  and  just  as 
man  has  two  eyes,  so  insects  have  several  hundred.  Each  eye  sees  the  picture  of 
the  outer  world  m  toto.  This  view  is  supported  by  the  following  experiment  of 
van  Leeuwenhoek ; — If  the  cornea  be  sliced  off,  each  facette  thereof  gives  a  special 
image  of  an  object.  If  a  cross  be  made  on  the  mirror  of  a  microscope,  while  a 
piece  of  the  feu^tted  cornea  is  placed  as  an  object  upon  the  stage,  then  we  see  on 
image  of  the  cross  in  each  &cette  of  the  cornea.  Thus,  for  each  rod  (crystal 
sphere)  there  would  be  a  special  image.  Each  corneal  fiicette,  however,  forms 
only  a  part  of  the  image  of  the  outer  world,  so  that  we  must  regard  the  image  as 
composed!  like  a  mosaic.  .Amongst  ]nolla8Ca>  the  fixed  brachiopoda  have  two 
pigment  spots  near  the  brain,  but  only  in  their  larval  condition ;  while  the  mussel 
has,  under  similar  conditions,  pigment  spots,  with  a  refractive  body.  The  adult 
mussel,  however,  has  pigment  spots  (ocelli)  only  in  the  margin  of  the  mantel,  but 
some  molluscs  have  stalked  and  highly  developed  eyes.  Some  of  the  lower  snails 
have  no  eyes,  some  have  pigment  spots  on  the  head,  while  the  garden  snail  has 
stalked  eyes  provided  with  a  cornea,  an  optic  nerve  with  retina  and  pigment,  and 
even  a  lens  and  vitreous  body.  Amongst  cephalopoda*  the  nautilus,  has  no  cornea 
or  lens,  so  that  the  sea-water  flows  freely  into  the  orbits.  Others  have  a  lens  and 
no  cornea,  while  some  have  an  opening  in  the  cornea  (Loligo,. Sepia,  Octopus).  All 
the  other  parts  of  the  eye  are  well  developed.  Amongst  vertebrata,  amphioxus 
has  no  eyes.  They  exist  in  a  degenerated  condition  in  Proteus  and  the  mammal 
Spalax.  In  many  fishes,  amphibians,  and  reptiles,  the  eye  is  covered  by  a  piece  of 
transparent  skin.  Some  hag-fishes,  the  crocodile,  and  birds  have  eyelids,  and  a 
nicUtaiing  membrane  at  the  inner  angle  of  the  eye.  Connected  with  it  is  the 
Harderian  gland.  In  mammals,  the  nictitating  membrane  is  represented  only  by 
the  plica  semilunaris.  There  is  no  lachrymal  apparatus  in  fishes.  The  tean  of 
snakes  remain  under  the  watch-glass-like  cutis  with  which  the  eyes  are  covered. 
The  sclerotic  often  contains  cartilage  which  may  ossify.  A  vascular  organ,  the  pro- 
cessus falctformisy  passes  from  the  middle  of  the  choroid  into  the  interior  of  the 
vitreous  body  in  osseous  fishes,  its  anterior  extremity  being  termed  the  campanula 
HallerL  Similarly,  there  is  the  pecten  in  birds,  butit  is  provided  with  muscular  fibres. 
In  birds  the  cornea  is  surrounded  by  a  bony  ring.    The  whale  has  an  enormously 


1042  HISTORICAL. 

thick  flclerotio.  In  aquatic  animals  the  lens  is  nearly  spherical  The  masdei  of 
the  iris  and  choroid  are  transversely  striped  in  birds  and  reptilea.  The  retinal 
rods  in  aU  vertebrates  are  directed  from  before  backwarda,  while  the  analogons 
elements  (crystal  rods  and  spheres)  in  invertebrata  are  directed  from  behind 
forward. 

Hittorioftl. — The  Hippocratic  School  were  aoqnainted  with  the  optic  nerve  and 
lens.  Aristotle  (384  b.o.  )  mentions  that  section  of  the  optic  nerve  causes  blindnen 
— he  was  acquainted  with  after  images,  short  and  long  sight.  Herophilus  (307 
B.O.)  discovered  the  retina,  and  the  ciliary  processes  received  their  name  in  his 
school.  Galen  (131-203  a.d.)  described  the  six  muscles  of  the  eyeball,  the  poneta 
lachrymalia,  and  tear  duct.  Berengar  (1521)  was  aware  of  the  fatty  matter  at  tiie 
edge  of  the  eyelids.  Stephanus  (1546)  and  Casseri  (1609)  described  the  Meibomian 
glands,  which  were  afterwards  redescribed  by  Meibom  (1666).  Fallopius  described 
the  vitreous  membrane  and  the  ciliary  ligament.  Plater  (1583)  mentions  that  the 
posterior  surface  of  the  lens  is  more  curved.  Aldrovandi  observed  the  remainder 
of  the  pupillary  membrane  (1599).  Observations  were  made  at  the  time  of  Vesalini 
(1540)  on  the  refractive  action  of  the  lens.  Leonardo  da  Vinci  compared  the  eye 
to  a  camera  obscura.  Maurolykos  compared  the  action  of  the  lens  to  that  of  a  lens 
of  glass,  but  it  was  Kepler  (1611)  who  first  showed  the  true  refractive  index  of  the 
lens  and  the  formation  of  the  retinal  image,  but  he  thought  that,  daring  accommo- 
dation, the  retina  moved  forward  and  backward.  The  Jesuit,  Sdheiner  (tl650), 
mentions,  however,  that  the  lens  becomes  more  convex  by  the  ciliary  processes, 
and  he  assumed  the  existence  of  muscular  fibres  in  the  uvea.  He  referred  long 
and  short  sight  to  the  curvature  of  the  lens,  and  he  first  showed  the  retinal  Image 
in  an  excised  eye.  With  regard  to  the  use  of  speetadea  there  is  a  reference  in 
Pliny.  It  is  said  that  at  the  beginning  of  the  14th  century  the  Florentine,  Salrino 
d'Armato  degli  Armati  di  Fir  (tl317),  and  the  monk,  Alessandro  de  Spina  (tl313), 
invented  spectacles.  Kepler  (1611)  and  Descartes  (1637)  described  their  action. 
Mayo  (tl852)  described  the  3rd  nerve  as  the  constrictor  nerve  of  the  pupil.  Zinn 
contributed  considerably  to  our  knowledge  of  the  structure  of  the  eye.  Rayseh 
described  muscular  fibres  in  the  iris,  and  Monro  described  the  sphincter  of  the 
pupil  (1794).  Jacob  described  the  bacillaiy  layer  of  the  retina— Soemmering 
(1791)  the  yellow  spot.  Brewster  and  Ghoesat  (1819)  tested  the  refractive  indioea 
of  the  optical  media.    Purkinje  (1819)  studied  subjective  vision. 


Healing. 


406.  Structure  of  the  Organ  of  Hearing. 

Stimnlation  of  the  Aaditory  Herve. — ^The  nonnal  maimer  in  wliicli 
the  auditoiy  nerve  is  excited  is  by  means  of  sonorous  vibiations,  whldi 
set  in  motion  the  end  organs  of  the  acoustic  nerre,  vhich  lie  in  the 
endolymph  of  the  labyrinth  of  the  inner  ear,  on  membraDOOS  e^xinBianB 
of  the  cochlea  and  semicircular  canals.  Hence  the  sonorous  vibratians 
are  first  transmitted  to  the  fluid  in  tbe  labyrinth,  and  this,  in  torn,  is 
thrown  into  vsTes,  which  set  the  end  organs  into  YibraUcoL  Thiu 
the  excitement  of  the  aaditory  nerves  is  brought  about  by  the  metAom- 
£aI^stim'uiaiion  of  the  wavt-motm,  of  the  ^/mph  of  &e  labt/raiiH, 


Fig.  427. 
Seheme  «f  the  organ  of  hMiing— AG,  eztenutl  ftoditory  mMtni;  T,  tympania 
meoibmne;  K,  mallena  with  ito  hmd  (A),  ahort  praae*  (tf),  lai  handle  (nt}; 
a,  InoaB  with  its  short  pnxwM  (z)  and  long  proceu— the  latter  la  nnibed  to  the 
atftpea  {«)  by  means  of  the  Sylvian  ooaicle  (z);  P,  middls  ear;  o,  fanestnt 
ovkIib;  r,  feneatia  Totnnda;  z,  beginningol  tbeUmliui  tpiraliiof  theooohles; 
p  t,  its  Bcala  tympani,  ind  v  t,  ita  seals  reotibnli ;  V,  TEStlbale;  S,  Mooale;  U, 
ntricle;  H,  •emicircnlar  canal*;  TB,  EoaUchian  tabe.  Ths  long  anow 
indioKtea  the  line  of  tnotian  of  t^^  taiuor  tympasi;  tiie  tfuvt  fflirfffl  4KUL 
that  of  the  stapedini. 

Si 
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The  fluid  or  lymph  of  the  labyrinth  is  surrounded  by  the  exceedingly^ 
hard  osseous  mass  of  the  temporal  bone  (Fig.  427).  Only  at  one  small 
roundish  and  slightly  triangular  point  (r\  the  fenestra  rotunda,  the  fluid 
is  bounded  by  a  delicate,  yielding  membrane,  which  is  in  contact  with 
the  air  in  the  middle  ear  or  tympanum  (P).  Not  far  from  the  fenestra 
rotunda  is  the  fenestra  ovalis  {o),  in  which  the  base  of  the  stapes  (s)  is 
fixed  by  means  of  a  yielding  membranous  ring.  The  outer  surface  of 
this  also  is  in  contact  with  the  air  in  the  middle  ear.  As  the  peri- 
lymph of  the  inner  ear  is  in  contact  at  these  two  places  with  a  yielding 
boundary,  it  is  clear  that  the  lymph  itself  may  exhibit  oscillatory 
movements,  as  it  must  follow  the  movements  of  the  yielding  boundarie& 

The  sonorous  vibrations  may  set  the  perilymph  in  vibration  in 
thru  different  ways : — 

1.  Conduction  through  the  Bones  of  the  Head. — This  occurs  especially 
only  when  the  vibrating  solid  body  is  applied  directly  to  some  part  of 
the  head,  e,g.j  a  tuning-fork  placed  on  the  head,  the  sound  being  pro- 
pagated most  intensely  in  the  direction  of  the  prolongation  of  the 
handle  of  the  instrument — also  when  the  sound  is  conducted  to  the 
head  by  means  of  fluid,  as  when  the  head  is  ducked  under  water. 
Vibrations  of  the  air,  however,  are  practically  not  transferred  directly 
to  the  bones  of  the  head,  as  is  shown  by  the  fact  that  we  are  deaf  when 
the  ears  are  stopped. 

The  soft  puts  of  the  head  which  lie  immediately  upon  bone  oondnct  aoond  best^ 
and,  of  the  projecting  parte,  the  best  conductor  is  the  cartilaginous  part  of  the 
external  ear.  But  even  under  the  most  favourable  ciroumstanoes,  conduction 
through  the  bones  of  the  head  is  far  less  effective  than  the  conduction  of  the  aound- 
waves  through  the  external  auditory  meatus.  If  a  tuning-fork  be  made  to  vibrate 
between  the  teeth  until  we  no  longer  hear  it^  its  tone  may  still  be  heard  on  bringing 
it  near  the  ear  (Binne).  The  conduction  through  the  bones  is  favoured  when  the 
oscillations  are  not  transferred  from  the  bones  to  the  tympanic  membrane,  and  are 
thus  transferred  to  the  air  in  the  outer  ear.  Hence,  we  hear  the  sound  of  a  tuning- 
fork  applied  to  the  head  better  when  the  ears  are  stopped,  as  this  prevents  ih» 
propagation  of  the  sound-waves  through  the  air  in  the  outer  ear.  If ,  in  a  det^ 
person,  the  conduction  is  still  normal  through  the  cranial  bones,  then  the  cause  ci 
the  deafness  is  not  in  the  nervous  part  of  the  ear,  but  in  the  external  sound- 
conducting  part  of  the  apparatus. 

2.  Normal  hearing  takes  place  through  the  eodemal  audUary  meahis. 
The  enormous  vibrations  of  the  air  first  set  the  tympanic  membrane 
(Fig.  427,  T)  in  vibration,  this  moves  the  malleus  (A),  whose  long  pro- 
cess is  inserted  into  it;  the  malleus  moves  the  incus  (a),  and  this  the 
stapes  (a),  which  transfers  the  movements  of  its  plate  to  the  peri- 
lymph of  the  labyrinth. 

3.  Direct  Conduction  to  the  Penestra.— In  man,  in  consequence  of  occa- 
sional disease  of  the  middle  ear,  whereby  the  tympanic  membrane  and  auditory 
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oasicles  may  be  destroyed,  the  auditory  apparatus  may  be  excited,  although  only 
in  a  very  feeble  manner,  by  the  yibrations  of  the  air  being  directly  transferred  to 
the  membrane  of  the  fenestra  rotunda  (r),  and  the  parts  closing  the  fenestra  ovaUs 
(o).  The  membrane  of  the  fenestra  rotunda  may  vibrate  alone,  even  when  the 
oval  window  is  rigidly  closed  (Weber-Iiel). 


407.  Physical  Introduction. 

Sound. — Sound  is  produced  by  the  vibration  of  elastic  bodies  capable  of 
vibration.  Alternate  condensation  and  rarefaction  of  the  surrounding  air  are 
thus  produced;  or,  in  other  words,  sound-waves  in  which  the  particles  vibrate 
longitudinally  or  in  the  direction  of  the  propagation  of  the  sound  are  excited. 
Around  the  point  of  origin  of  the  sound,  these  condensations  and  rarefactions  occur 
in  equal  concentric  circles,  which  conduct  the  sound  vibrations  to  our  outer  ear. 
The  vibrations  of  the  sounding  body  are  so  called  '* stationary  vibrations"  (E.  H. 
and  W.  Weber) — t.e.,  all  the  particles  of  the  vibrating  body  are  always  in  the 
same  phase  of  movement,  in  that  they  pass  into  movement  simultaneously,  they 
reach  the  maximum  of  movement  simultaneously — e.gr.,  in  the  particles  of  a  sound- 
ing, vibrating  metal  rod.  Sound  is  produced  by  the  stationary  vibrations  of 
elastic  bodies;  it  is  propagated  by  progressive  wave-motion  of  elastic  media, 
generally  the  air.  The  wave-length  of  a  tone — s.&,  the  distance  of  one  maximum 
of  condensation  to  the  next  one  in  the  air,  is  proportional  to  the  duration  of  the 
vibration  of  the  body,  whose  vibrations  produce  the  sound-waves. 

If  X  is  the  wave-length  of  a  tone,  t  in  seconds  the  duration  of  a  vibration  of  the 
body  producing  the  wave,  then  X=n  ^  where  n= 340*88  metres,  which  is  the 
rate  per  second  of  propagation  of  sound-waves  in  the  air.  The  rapidity  of  the 
transmission  of  sound-waves  in  water  =1435  metres  per  8eoond't.e.,  nearly  four 
times  as  rapid  as  in  air;  while  in  solids  capable  of  vibration,  it  is  propagated  from 
seven  to  eighteen  times  faster  than  in  the  air.  Sound-waves  are  conducted  best 
through  the  same  medium;  when  they  have  to  pass  through  several  media  they 
are  always  weakened. 

Hefleotion  of  the  sound-waves  occurs  when  they  impinge  upon  a  solid  obstacle, 
in  which  case  the  angle  of  reflection  is  always  equal  to  the  anj;;le  of  incidence. 

Wave  Movements.— We  distinguish  I.  Frogresgiye  wave  movements 

which  occur  in  two  forms — 1.  As  Umgitudinal  waves  (Chladni),  in  which  the 
individual  pcuiticlee  of  the  vibrating  body  vibrate  around  their  centre  of  gravity 
in  the  direction  of  the  propagation  of  the  wave;  examples  are  the  waves  in  water 
and  air.  This  movement  causes  an  accumulation  of  the  particles  at  certain  places 
— e.g,f  on  the  crests  of  the  waves  in  water-waves,  while  at  other  places  they  are 
dimimshed.  This  kind  of  wave  is  caUed  a  tmive  qf  eonderuaiion  and  rartfaeUon, 
2.  If,  ho¥rever,  each  particle  in  the  progressive  wave  moves  vertically  up  and  down 
— 1.«.,  transversely  to  the  direction  of  the  propagation  of  the  wave,  then  we  have  the 
simple  transverse  waves  (Chladni),  or  progressive  waves,  in  which  there  is  no  con- 
densation or  rarefaction  in  the  direction  of  propagation,  as  each  particle  is  merely 
displaced  laterally.    An  example  of  this  \b  the  progressive  waves  in  a  rope. 

II*  Stationary  Flexion  Waves.— When  all  the  particles  of  an  elastic  vibrat- 
ing body  so  oscillate  that  all  of  them  are  always  in  the  same  phase  of  movement 
as  the  limbs  of  a  vibrating  tuning-fork  or  a  plucked  string,  then  this  kind  of 
movement  is  described  as  stationary  flexion  waves.  As  bodies,  whose  expansion 
in  the  direotion  of  osdllatian  is  very  slight^  vibrate  to  and  fro  in  the  stationary 
flexion  wave,  so  we  see  that  the  small  parts  of  the  auditory  apparatus  (tympanic 
membrane^  ossicles,  lymph  of  the  labyrinth)  oscillate  in  stationary  flexion  waves. 
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408.  Ear  Uuscles— Eztercal  Auditory  Meatus. 

SKtnntl  Ebt, — When  the  eztenul  ear  U  Kbn&t,  little  or  no  impainuent  cf 
tike  beuing  U  observed ;  hence,  th«  ph  jtiologickl  fnnctitniB  of  these  orgam  are  but 
■lij^ht.  BoeriuMTs  thought  that  ths 
eleratioiu  and  depresaiona  of  the  oater 
e«r  might  be  oonnected  irith  the  reflec- 
tion of  the  tonnd-vraveB.  Nnmerooi 
sonnd'mTea,  bowerei,  mucrt  be  again 
reflected  ontmurda;  and  thosa  wavea 
which  reach  the  deep  put  of  tha  concha, 
are  ^d  to  be  reflected  towacda  Idie 
tn^na,  to  be  reOeoted  b;  it  into 
the  external  uiditory  meatoa.  Aocord- 
Sohneider,  when  the  depwmioui 
in  the  ear  are  filled  up  irith  wax,  faeazing 
is  impaired.  Maoh  points  ont  Uiat  Uie 
dlmennons  of  the  external  eai  are  pro- 
portionally too  small  to  act  as  leflaot- 
ing  organs    for   the   waTs-lengtiu    of 

■niolef  of  the  Eztarnal  Ear.— L 

"S-  4^-  The  whole  ear  is  moved  by  the  ntn- 

The  extcnwl   anditoiy  meatos  and  the    hentes,  attrahens,  and  sttolleiUL    2.  The 

^Tupanic  oavity-M,  osseon»  spaces  in  Z"™  of  the  ear  may  be  altered  by  the 

the  temporal  bone;   Pe,   csrtilaglnaus    tr»gicn»,  antitragicna,  holitiB  major  and 

part  of  the  meatus;   L,  membranons    '™"*  '"''ritaay;    and  by  the  traD» 

nnion  between  both  ;  F,  srticnlar  but-    ™to*  and  obliqnus  anrionlB  oleniiiSy. 

face  for  the  condyle  of  the  lower  jaw    Persona  who  can  move  their  ears  do  not 

(after  Urbantaobitsob).  findthatthehearingiainflMaweddnring 

the  moremenL    The  Mm.  hdicis  taaior 

and  minor  are  regarded  as  elevators  of  the  helix,  the  transvenus  and  obUqnns 

auricnhe  aa  dilators  of  the  concha ;  the  tragical  and  aotitragicos  as  coostrictora  of 

the  meatus.     In  anim&ls,  the  external  ear  and  the  action  of  ita  mnsclei  have  a 

marked  effect  upon  beoriag.     The  muscles  point  the  ear  in  the  direddon  of  the 

sonnd,  while  other  muscles  contract  or  dilate  the  space  withia  the  external  ear. 

In  many  diving  animals,  the  meatos  can  be  closed  by  a  kind  of  valve. 

The  eztoraal  meatos  is  3  to  326  cm.  long  [IJ-l^inch],  8  to  9  nun. 
hi^  and  6  to  8  mm.  broad  at  ite  outer  opening.  It  is  the  conductor 
of  the  sound-waves  to  the  tympanic  membr&ne,  so  that  almost  all  the 
sound-waves  first  impinge  upon  ite  w&Il,  and  are  then  reflected  towards 
the  tympanic  membrane.  To  see  well  down  into  the  meatos,  we  must 
pull  the  auricle  upwards  and  backwards,  Occlaaion  of  the  meatus 
especially  by  a  plug  of  inspissated  wax  (p.  604)  of  courae  interferes 
with  the  hearing. 

409.  Tympanic  Membrane. 

The  tympanic  membrane  (Fig.  430),  which  is  tolerably  luly  fixed 
in   a  special   osseous  cleft,  with  a  thickened  margin,  is  aa  dMtk^ 
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tmyielding,  and  abaoet  DOD-extensible  membrmie,  of  about  01  mm.  in 
thickness,  and  -with  a  saperficia]  area  of  50  sqnare  pullimetres.  It  is 
elliptical  in  form,  its  greatest  diameter  being  9-5  to  10  mm.,  and  its 
lesser  8  mm.,  and  it  is  fixed  in  the  fioor  of  the  external  meatus 
obliqaely,  at  an  angle  of  40°,  being  directed  from  above  and  ont- 
wards,  downwards  and  inwards.  Both  tympanic  membranes  converge 
anteriorly,  so  that  if  both  were  prolonged,  the;  would  meet  to  form  aa 
angle  of  130°  to  135°.  The  oblique  position  enables  a  lai^  surfiice 
to  be  presented  than  would  be  obbuned  if  it  were  stretched  vertically, 
so  that  more  sound-waves  can  fall  vertically  upon  it.  The  membrane 
is  not  strstched  fiat,  but  a  little  under  its  centre  (umbilicus),  it  is 
drawn  slightly  inwards  by  the  handle  of  the  malleus,  which  is  attached 
to  it ;  while  the  short  process  of  the  malleus  slightly  bulges  out  tlie 
membrane  near  its  upper  marg^  (^^  427  and  435). 


Fig.  42». 


Fig  430. 


Fig.  431. 


Fi^  429.— Tympanic  nHmbraiw  with  the  auditory  oidclea  (left)  seen  from  vithin 
— Ci,  IncnB ;  Cm,  moUeos ;  Ch,  chords  tympaiii ;  T,  poach-like  depreBmon 
(after  Urbantschitach). 

Fig.  430. — Tympuiic  membnme  and  the  aaditory  ouidei  (left)  laeii  from  wiUun, 
i.e.,  from  the  tympanic  cavity — M,  manabrinm  or  handle  of  themallenH;  T,  in- 
sertion of  the  teneor  tympani  ;  A,  head;  IF,  long  procees  of  the  DlBUena;  a, 
iucm,  with  the  ehort  (K)  aod  the  long  (Z)  proceea ;  S,  plate  of  the  itapeB ;  A  x, 
Ax,  iithecommoDaziBof  rotation  of  the  aaditoryoHsiQlGa;  8,  the  pinion-wheel 
amngement  between  the  malleni  and  incn& 

Fig.  431. — I^panio  membrane  of  a  new-bom  child  seen  from  without,  with  the 
handle  of  the  nuDeiu  -risible  on  it — At,  tympanic  ring  with  its  anterior  (t) 
and  posterior  (A)  end*. 

Stmetore. — The  tympanio  membrane  oonBiBts  of  fAi'ee  layers : — I.  Themem- 
brana  propria  ii  a  fibroiu  membrane  with  radial  fibres  on  its  outer  enrface,  and 
drcnlarly  arranged  fibres  on  its  inner  aspect.  2.  The  nu&ce  directed  iowarda 
the  meijna  is  covered  wtth  a  thin  and  wmi-traasparent  part  of  the  oaH^    3.  Tlie 
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■ide  tomtrda  the  tjinpaDDm  la  oovered  with  a.  delicate  muootu  membraine,  with 

(imple  •qiuunoaa  epithelinm,      Namaroni  nerres  uid  lymph-vcMelB,  aa  well  aa 

inner  and  outer  blood-veaaeb,  occnr  in  the  membrMie. 

[The  middle  layer,  or  Bubst&atia  propria,  is  fixed  to  a  ring  of  bone, 

which  is  deficient  above.     It  is  filled  up  by  a  layer  composed  of  the 

mucoua  and  cutaneous  layers  called  the  membrana  Jtacdda,  or  Shrap- 

nell's  membrane.] 
rBr^mlHf^tion.— '^^'■"^'•^^'"■"■"g  thaonterearandmembTMUktjmipMupallihe 

«nricle  apwardi  and  bickwardB.  The  menbTtna  tTmpani  is  eiamined  by  mewis 
of  an  ear  specalam  (Fig.  432).  The  ipecnlum  is  placed  in 
the  ear,  and  light  ie  reflected  into  it  by  mean*  of  a  concaTe 
mirTDT,  perforated  in  the  centra,  and  having  a  focal  dist»nc« 
of  four  or  fire  inchea.  It  ii  coDvement  to  have  the  mirror 
fixed  to  a  b«utd  placed  ronnd  the  head,  as  in  the  caae  rf 
the  laryngoacopc  reflector  (Fig.  269).  It  is  important  to 
remember  that  the  membrane  ia  placed  obliquely,  m>  that 
the  poiteriM:  and  npper  part*  are  nearer  the  surface.  The 
membrane  in  health  ia  greyish  in  ooloni-  and  tmuparent, 
■o  that  the  handle  of  the  malleiu  ia  seen  mnning  from 
abore  downwaida  and  backwatda,  while  at  the  anterior 
and  infbrior  part  there  ia  a  cone  of  light,  with  it«  apex 
directed  inwards.] 

FnnctioiL — The  tympanic  membrane  catches  op 
the  sound-waves  which  penetrate  into  the  external 
meatus,  and  is  set  into  vibration  by  Uiem,  the  vibra- 
tions corresponding  in  number  and  amplitude  to 
the  vibrating  movements  of  the  air.  Politier  connected  the  auditory 
ossicles  fixed  to  the  tympanic  membrane  of  a  duck  with  a  recording 
apparatus,  and  conld  thus  register  the  vibrations  produced  by  sounding 
any  particniar  tone.  Owing  to  its  small  dimensions,  the  tympanic 
membrane  can  vibrate  in  toto,  to  and  fro  in  the  direction  of  the  sonnd* 
waves  corresponding  to  the  condensations  and  rarefactions  of  the 
vibrating  air,  and,  therefore,  executes  transverte  vibrations,  for  which  it 
a  specially  ad^ted,  owing  to  the  relatively  slight  resistance. 

FundameiLtal  Hote. — Stretched  strings  and  membranes  are  generally 
only  thrown  into  actual  and  considerable  sympathetic  vibration  when 
they  are  affected  by  tones  which  correspond  with  their  own  fundamental 
tone,  or  whose  number  of  vibrations  is  some  multiple  of  the  number  of 
vibrations  of  the  same,  as  the  octave.  When  other  tones  act  on  them 
tbey  exhibit  only  inconsiderable  sympathetic  vibration.  If  a  mem- 
brane be  stretched  over  a  funnel  or  cylinder,  and  if  a  nodule  of  sealing 
wax  attached  to  a  silk  thread  be  made  just  to  tonch  the  centre  of  the 
membrane,  then  the  sealing  wax  remains  nearly  at  rest  when  tones  or 
sonnds  are  made  in  the  neighbourhood;  as  soon,  however,  as  the 
fundamental  or  proper  tone  of  this  arrangement  is  sounded,  the  nodule 
is  propelled  by  the  strong  vibrations  of  the  memlnsne. 
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If  we  apply  this  to  the  tympanic  membrane,  then  it  also  should 
exhibit  very  great  vibrations  when  its  own  fundamental  note  is 
Bounded^  but  only  slight  vibrations  when  other  tones  are  produced. 
This,  however,  would  produce  great  inequality  in  the  audible  sounds. 
There  is  an  arrangement  of  the  membrane  whereby  this  is  prevented. 
1.  Great  resistance  is  oiSered  to  the  vibrations  of  the  tympanic  mem- 
brane, owing  to  its  union  with  the  auditory  ossicles.  These  act  as  a 
damping  apparatus,  which  provides,  as  in  damped  membranes  generally, 
that  the  tympanic  membrane  shall  not  exhibit  excessive  sympathetic 
vibrations  for  its  own  fundamental  note.  But  the  damping  also  makes 
the  sympathetic  vibrations  less  for  all  the  other  tones.  In  this  way, 
all  vibrations  of  the  tympanic  membrane  are  modified;  especially, 
however,  is  the  excessive  vibration  diminished  during  the  sounding 
of  its  fundamental  tone.  The  membrane  is  at  the  same  time 
rendered  more  capable  of  responding  to  the  vibrations  of  different 
wave-lengths.  The  damping  also  prevcnis  after-vibraHans,  2.  Corre- 
sponding to  the  small  mass  of  the  tympanic  membrane,  its  sympathetic 
vibrations  must  also  be  small.  Nevertheless,  these  slight  elongations 
are  quite  sufficient  to  convey  the  sonorous  movements  to  the  most 
delicate  end-organs  of  the  auditory  nerve;  in  fact, 
there  are  arrangements  in  the  tympanum  which  still  ^y 

further  diminish  the  vibrations  of  the  tympanic  mem- 
brana 

As  y.  Helmholtz  has  showD,  the  strong  sympathetio  yibratioiis 
of  the  tympanic  membrane  are  not  completely  set  aside  by  this 
damping  arrangement.  The  painful  sensations  produced  by 
some  tones  are,  perhaps,  due  to  the  sympathetic  vibration 
of  the  membrana  tympam.  According  to  Kessel,  certain  parts 
of  the  membrane  vibrate  to  certain  tones. 

Pathologioal. — ^Thickenings  or  inequalities  of  the  tympamc 
membrane  interfere  with  the  acuteness  of  hearing,  owing  to  the        Fig.  433. 
diminished  capacity  for  vibration  thereby  produced.    Holes  in  Toynbee*8  artifi- 
and  loss  of  its  substance  act  similarly.    In  extensive  destmc-      cialmembrana 
tion,  an  artificial  tympanum  is  placed  in  the  external  meatus,      tympani 
and  its  vibrationa,  to  a  certain  extent,  replace  those  of  the  lost 
membrane  (Toynbee). 

[Fig.  433  shows  the  artificial  tympanic  membrane  of  Toynbee.] 

410.  The  Auditory  Ossicles  and  their  Muscles. 

Function. — ^The  auditory  ossicles  have  a  double  fimction — 1.  By 
means  of  the  ''chain  "  which  they  form,  they  transfer  the  vibrations  of 
the  tympanic  membrane  to  the  peril3rmph  of  the  labyrinth.  2.  They 
also  afford  points  of  attachment  for  the  muscles  of  the  middle  ear, 
which  can  alter  the  tension  of  the  membrana  tympani  and  the  pressure 
lymph  of  the  labyrinth. 
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—The  form  uid  pontixm  of  the  ossicles  are  giren  in 
figures  434  and  435.  Thef 
lomi  a  jointed  chain  which 
connects  the  tympanic  mem- 
hnne,  M,  hf  means  of  the 
mallens,  A,  incns,  a,  and  st^w^ 
8,  with  tiie  perilymph  of  the 
labyrinth.  The  mode  of  nmv- 
metU  of  the  oaddes  is  of  spedal 
importance.  The  handle  of  the 
malleus  (Fig.  435,  n)  is  firmly 
Ilg.  434.  united  to  the  fibres   of  the 

The  Miditory  <«ido.  (right)-C.;^  ho^l,  C,  ^^f^''  membrane.  Beddea 
neck;  Pbr,  Oustt  proceM;  Prl,  \oag  ptt>-  this,  the  malleua  is  fixed  bf 
cMti  If,  hudle  of  thB  malleua;  Ci,  body;  Itgamenis  which  prescribe  the 
a,  Mtienkr  nu&ce;  i.  riort,  ind  «,  long  direction  rf  ita  movementa. 
procees  of  the  inciu;  0.8,  to-omlled  lenti-    „,_   ,,  ,        ii.     t     _  ii_; 

iulM<«ideiC.*.h»d:  ■..anterior. and j>,    Two bgameut^the lig. mallei 
poctetforUmb;  P,  Plata  of  the  Etapei.  anticnm    (passing     from 


F>8   435 


I^panun  and  auditory  osBiclea  (left)  magnified— A.  (^i  external  mMtu;  H, 
membrana  ^mpaui,  wbtch  ia  attached  to  the  handle  of  the  malleas,  %,  lad 
oesr  it  the  short  procesi.  p;  A,  head  of  the  mallena;  a,  incna;  t.  il> 
■hort  proofs  with  ita  ligament;  t,  longproc«si;  «,  Sylvian  cesicle;  S,  italW 
Aa^  A«,  ii  the  axis  of  rotation  of  theoaaides — it  ia  shown  in  perapectiT^ 
and  mmt  be  imagined  to  penetrate  the  plane  of,  the  paper ;  t,  line  of  tractiiHi 
of  the  teuBor  tympiud.  The  other  arrova  Indicate  the  movement  of  the 
caaiclea  when  tho  tenaor  contracts. 
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processos  FoliannB)^  and  the  posticom  (from  a  small  crest  on  the 
neck) — ^together  form  a  common  axial  band  (t.  Helmholtz),  which 
acts  in  the  direction  from  behind  forwards  —  ie.,  parallel  to  the 
surface  of  the  tympanic  membrane.  The  neck  of  the  malleus 
lies  between  the  insertions  of  both  ligaments.  The  miited  liga- 
ment determines  the  ^' axis  of  rotation**  of  the  movement  of  the 
malleus. 

When  the  handle  of  the  maUeus  is  drawn  inwards,  of  course  its 
head  moves  in  the  opposite  direction,  or  outwards.  The  ificus,  a,  is 
only  partially  fixed  by  a  ligament,  which  attaches  its  short  process  to 
the  wall  of  the  tympanic  cavity,  in  front  of  the  entrance  to  the  mastoid 
cells,  k.  The  not  very  tense  articulation  joining  it  to  the  head  of  the 
maUens^  h,  which  lies  with  its  saddle-shaped  articular  surface  in  the 
hotlow  of  the  incus,  is  important.  The  lower  margin  of  the  incus 
(Fig.  434,  S)  acts  like  a  tooth  of  a  cog-wheeL  Thus,  when  the  handle 
of  the  malleus  moves  inwards  to  the  tympanic  cavity,  the  incus,  and  its 
long  process,  &,  which  is  parallel  to  the  handle  of  the  malleus,  also  pass 
inwards.  The  incus  forms  almost  a  right  angle  with  the  stapes,  S, 
through  the  intervention  of  the  Sylvian  ossicle,  s.  If,  however,  as  by 
condensation  of  the  air  in  the  tympanum,  the  membrana  tympani  and 
the  handle  of  the  malleus  move  outwards,  the  long  process  of  the  incus 
does  not  make  a  similar  movement,  as  the  malleus  moves  away  from 
this  margin  of  the  incus.  Hence,  the  stapes  is  not  liable  to  be  torn 
from  its  socket  The  malleus  and  incus  form  an  angular  lever,  which 
moves  round  a  common  axis  (Fig.  430  and  Fig.  435,  A  a;,  A  x).  In 
the  inward  movement^  the  malleus  follows  the  incus,  as  if  both  formed 
one  piece.  The  common  axis  (Fig.  430)  is  not,  however,  the  axial 
ligament  of  the  malleus,  but  it  is  formed  anteriorly  by  the  processus 
Folianus,  I F,  directed  forwards,  and  posteriorly  by  the  short  process  of 
the  incus  directed  backwards.  The  rotation  of  both  ossicles  around  this 
axis  occurs  in  a  plane,  vertical  to  the  plane  of  the  membrana  tympani. 
During  the  rotation,  of  course  the  parts  above  this  axis  (head  of  the 
malleus  and  upper  part  of  the  body  of  the  incus)  take  a  direction 
opposite  to  the  parts  lying  below  it  (the  handle  of  the  malleus  and  the 
long  process  of  the  incus),  as  is  indicated  in  Fig.  435  by  the  direction 
of  the  aiTowa  The  movement  of  the  handle  of  the  malleus  must 
follow  that  of  the  membrana  tympani,  and  vice  versd,  while  the  move- 
ment of  the  stapes  is  connected  with  the  movement  of  the  long  process 
of  the  incus.  As  the  long  process  of  the  incus  is  only  two-thirds  of  the 
length  of  the  handle  of  the  malleus  (Figs.  427,  430,  435),  of  course 
the  exeursian  of  the  tip  of  the  former,  and  with  it  of  the  stapes,  must 
be  correspondingly  less  than  the  movement  of  the  tip  of  the  handle  of 
the  malleus;  while,  on  the  other  hand,  the  force  of  the  movement  of 
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the  tip  of  the  handle  of  the  malleus^  corresponding  to  the  diminution  of 
the  excursion,  will  be  increased. 

Mode  of  YibratioiL — Thus,  the  moyement  of  the  membrana 
tympani  inwards  causes  a  less  extensive  but  a  more  jpawerjtd  movement 
of  the  foot  of  the  stapes  against  the  periljnmph  of  the  labyrintL 
V.  Helmholtz  and  Politser  calculated  the  extent  of  the  movement  to 
be  007  mm. 

The  mode  in  which  the  vibrations  of  the  membrana  tympani  are 
conveyed  to  the  lymph  of  the  labyrinth,  through  the  chain  of  ossicles, 
is  quite  analogous  to  the  mechanism  of  these  parts,  aheady  described. 
Long  delicate  glass  threads  have  been  fixed  to  these  ossicles,  and  their 
movements  were  thus  graphically  recorded  on  a  smoked  surface 
(Politzer,  Hensen).  Or  strongly  refractive  particles  are  fixed  to  the 
ossicles,  while  the  beam  of  light  reflected  from  them  can  be  examined 
by  means  of  a  microscope  (Buck,  v.  Helmholtz,  Mach,  and  Eessel). 
All  the  experiments  showed,  that  the  transference  of  the  sound-waves 
is  accomplished  by  means  of  the  mechanism  of  the  angular  lever,  com- 
posed of  the  auditory  ossicles  already  described.  As  the  vibrations  of 
the  membrana  tympani  are  conveyed  to  the  handle  of  the  malleus, 
they  are  weakened  to  about  one-fourth  of  their  original  strength 
(Politzer,  Buck). 

[The  membrana  tympani  is  many  times  (30)  larger  than  the  fenestra 
ovalis,  and  the  relation  in  size  might  be  represented  by  a  funnel  The 
arm  of  the  malleal  end  of  the  lever,  where  the  power  acts  is  9}  mm. 
long,  while  the  short  or  stapedial  arm  is  6^  mm.,  so  that  the  latter 
moves  less  than  the  former,  but  what  is  lost  in  extent  is  gained  in 
force.] 

[MethodSv^Politaer  attached  small,  very  light  levers  to  each  of  the  oMides, 
and  inscribed  their  movements  on  a  revoiying  cylinder.  An  organ-pipe  was 
sounded,  and  when  the  levers  were  of  the  same  length,  the  malleos  made  the 
greatest  excursion  and  the  stapes  the  least.  Buck  attached  starch  grains  to  the 
ossicles,  illominated  them,  and  observed  the  movements  of  the  refractive  starch 
grannies  by  means  of  a  microscope  provided  with  a  micrometer.] 

[The  ossicles  move  en  masse,  and  not  in  the  way  of  propagating 
molecular  vibrations.]  As  the  excursions  of  the  ossicles  during 
sonorous  vibrations  are,  however,  only  nominal,  there  is  practically  no 
change  in  the  position  of  the  joints  with  each  vibration.  The  latter 
will  only  occur  when  extensive  movements  take  place  by  means  of  the 
muscles. 

The  muscles  of  the  auditory  ossicles  alter  the  position  and  tension 
of  the  membrana  tympani,  as  well  as  the  pressure  of  the  lymph  of  Uie 
labyrinth.    The  tensor  tympani^  which  lies  in  an  osseous  groove  above 
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the  Eustachian  tube,  has  its  tendon  deflected  round  an  OBseous  projec- 
tion [processiiB  cochloariformis],  which 
lies  external  to  it,  almost  at  right 
angles  to  the  groove  above  it,  and  is 
inserted  immediately  above  the  axes  of 
rotation  of  the  malleus  (Fig  436,  M). 
When  the  muscle  contracts  in  the  direc- 
tion of  the  arrow,  (  (Fig.  435),  then 
the  handle  of  the  malleus  (/i)  pulls  the 
membrana  tympani  (M)  inwards  and 
tightens  it  This  also  causes  a  move- 
ment of  the  incus  and  stapes  (S),  which 

must  be  pressed  more  deeply  into  the  _, 

.        ,  ,.  1       J       J         ■!.   J     Tensor   tympaiu — ths   Enitachian 

lenestra  ovalis,  as  already  described.  ^^-^  r^^^, 

When  the  muscle  relaxes,  then,  owing 

to  the  etasticity  of  the  rotated  axial  ligament  and  the  tense  mem- 

brana  tympani  itself,  the  position   of  equilibrium  is  again  restored. 

The  foolor  nerve  of  this  muscle  Eirises  from  the  trigeminus,  and  passes 

through  the  otk  ganglion  (p.  801).     C.  Ludwig  and  Potitzer  observed 

that  stimulation  of  the  fifth  nerve  within  the  cranium  [dog]  caused 

the  above-mentioned  movement. 

Use  of  the  Tension. — The  tension  of  the  membrana  tympani  caused 

by  the  tensor  tympani  has  a  double  function  (Joh.  Miiller) — 1.  The 

tense  membrane  offers  very  great  resistance  to  sympathetic  vibrations, 

when  the  sound-waves  are  very  intense,  as  it  is  a  physical  fact  (Savart), 

that  sbretehed  membranes  are  more  difficult  to  throw  into  sympathetic 

vibration  the  tenser  they  are.     Thus,  the  tension  so  far  protects  the 

auditory  organ,  as  it  prevents  too  intense  vibrations  applied  to  the 

membrana   tympani  from   reachmg  the  terminations  of  the  nerves. 

2.  The  tension  of  the  membrana  tympani  mast  vaiy  accordmg  to  the 

degree  of  contraction  of  the  tensor.   Hereby  the  membrana  for  the  time 

being  has  a  different  fundamental  tone,  and  is  thus  capable  of  vibrating 

to  the  correepondingly  higher  tone,  it,  as  it  were,  being  in  a  certun 

sense  accommodated. 


Coi^Htrison  with  Iris-  —The  msmbmu  tTmpuii  hu  betu  compared  with  the 
irb.  Both  mambrMiM  pwrent  by  ooDtraction — tikirowliig  of  the  papil  aod  tension 
of  the  metnbrtna  tympani — the  too  intense  nclioa  of  the  speralio  Htunoliu  from 
canung  too  great  stimnUtion,  ftnd  both  adapt  the  senioiy  appknttu  for  the  action 
of  moderate  or  weak  etimnli.  Thi«  morement  in  both  membnnoB  ii  brought 
abont  relkxly,  in  the  ear  thioagh  the  N.  tcottioiu,  which  eanee*  a  reOex  Btimula- 
tion  of  the  motor  fibres  for  the  tensor  tympani. 

Effeet  of  TentioiL — That  increased  tension  of  the  membrana  tympani  renden 
it  less  scouitiTe  to  soond-waves  is  easily  pmrsd,  thus; — Cloae  the  month  and  nose, 
and  make  either  a  forced  expiration,  so  that  the  air  is  forced  into  the  Eustaohian  tube. 


1054  ACTION  OF  THE  STAPEDIUS. 

whidi  bnlget  ont  the  membraaft  tjmpuu,  m:  ioipii*  focdhly,  whereby  the  air  in 
the  tymptmniQ  ii  diminuhed,  bo  that  the  membnjia  bolgM  inwardi.  In  both 
coaon,  hearing  la  interfered  with  M  loDg  a*  the  increased  tension  laats.  If  a  funnel 
with  a  mall  lateral  opening,  and  whose  wide  end  b  covered  by  a  membnuie,  be 
placed  in  the  external  meatns,  hearing  becranea  leas  distinct  when  ths  memlsaiie 
ia  stretched  (Joh.  Mutter). 

Nonnally,  the  teosoi  tympani  is  excited  rr/lexlg.  The  muscle  is  not  diiectly  and 
by  itself  sobjact  to  the  control  of  the  wilL  According  to  L,  Fick,  the  following 
phenomenon  is  dne  toau  "soodated  movement"  ot  the  teosor: — When  he  pressed 
his  jaws  firmly  against  each  other  he  heard  in  his  ear  a  piping,  ''"g"g  tone,  while 
a  capillary  tube,  which  was  fixed  air-tight  Into  the  meatus,  had  a  drop  of  water 
which  was  in  it  rapidly  drawn  inwards.  Dnriog  this  experiment,  a  peraon  witli 
normal  *'««""g  hears  all  mnsical  tones  as  if  they  were  lender,  while  all  the  highest 
non-musical  tonea  are  enfeebled  (Lncae),  When  yaimins,  v.  Helmholtz  and 
Politzer  foond  that  hearing  was  enfeebled  for  certain  tones. 

Contnetlon  of  the  Teiuor.^Hen8eiL  showed  that  the  contraction  of 
the  tensor  tjrmpani  during  hearing  is  not  a  continued  contraction,  but 
what  might  be  termed  a  "twitch."  A  twitch  takes  place  at  the 
beginning  of  the  act  of  bearing,  which  favoors  the  perception  of  the 
sound,  as  the  membrana  tympani  thus  set  in  motion  vibrates  more 
readily  to  higher  tones  than  when  it  is  at  rest.  On  exposing  the  tym- 
panom  in  cats  and  dogs,  it  was  found  that  this  contraction  or  twitch 
occurs  only  at  the  beginning  of  the  sound,  and  that  it  soon  ceasea, 
although  the  sound  may  continue. 

Actionof  the  StapedioB. — Thismusde  arises  within  the  eminentia  pyra- 
midaUs,  and  is  inserted  into  the  bead  of  the  stapes  aad  Sylvian  ossicle 
(Fig.  437);  when  it  draws  upon  the  head  of  the  stapes,  as  indicated  in 
Fig.  427,  by  the  small  curved  arrow,  it  must  place  the  bone  obliquely, 
whereby  the  posterior  end  of  the  plate  of  the  Btapes  is  pressed  some- 
what  deeper  inwards  into  the  fenestra  ov&lis,  while  the 
anterior  is,  as  it  were,  displaced  somewhat  outwards- 
The  stapes  is  thereby  more  fixed,  as  the  fibrous  mass 
[annular  ligament],   which   surrounds    the    fenestra 
oralis   and   keeps  the  stapes  in  its  place,   becomes 
more  tense.     The  activity  of  this  muscle,  therefore. 
Fig.  437.         prevents  too  intense  shocks,  which  may  be  commoni- 
KJg        pedins    g^j^  from  the   incus  to  the    stapes,    from    being 
conveyed  to  the  perilymph  (§  808,  5).      It  is  sap- 
plied  by  the  faeiai  nenx  (g  349,  3). 

The  (tapedins  in  many  penons  executes  an  auodaUd  movement,  when  the 
eyelids  are  forcibly  clossd  (9  349).  Some  penons  can  oanse  it  to  contract  r^fiexly 
hy  scratching  the  skin  in  front  of  the  meatus,  or  by  gently  etxoking  the  onter 
margin  of  the  orbit  (Henle). 

Other  Views, — According  to  Lucae,  when  the  stapes  is  displaced  obliquely,  ite 
head  forces  the  long  prooees  of  the  incos,  and  also  the  membrana  tympani,  out- 
uardM,  BO  that  it  is  regarded  as  an  anlagofuit  of  the  tensor  tympani.     Pcdiber 
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obseryed  that  the  presanre  within  the  labyrmth  fell  when  he  stimulated  the  mnBcle. 
According  to  Tojmbee,  the  stapedius  acts  as  a  lever  and  moves  the  stapes  slightly  out 
of  the  fenestra  ovalis,  thus  making  it  more  free  to  move,  so  that  it  is  more  capable  of 
vibrating.  Hezde  supposes  that  the  stapedius  is  more  concerned  infixing  than  in 
moving  the  stapes,  and  that  it  comes  faito  action  when  there  is  danger  of  too  great 
movement  being  communicated  to  the  stapes  firom  the  incus.  Landois  agrees  with 
this  opinion,  and  compares  the  stapedius  with  the  orbicularis  palpebrarum,  both 
being  protective  muscles. 

Pathcdogioal* — Immobility  of  the  auditory  ossicles,  either  by  adhesions  or 
anchyloses,  causing  diminished  vibrations,  interferes  with  hearing;  while  the 
same  result  occurs  when  the  stapes  is  firmly  anchyloeed  into  the  fenestra  ovalis. 
The  tendon  of  the  tensor  tympani  has  been  divided  in  cases  of  contracture  of  the 
muscle.    For  paralysis  of  the  tensor  see  p.  802,  and  for  the  stapedius  p.  808,  5. 

411.  Eustachian  Tube— Tympanum. 

The  Eustachian  tube  [4  centimetres  in  length,  1|  in.]  is  the  ventUai- 
ing  tube  of  the  tjrmpanic  cavity.  It  keeps  the  tension  of  the  air  within 
the  tympanum  the  same  as  that  within  the  pharynx  and  outer  air 
(Fig.  427,  436).  Only  when  the  tension  of  the  air  is  the  same  out- 
side aud  inside  the  tympanum  is  the  normal  vibration  of  the  membrana 
tympani  possible.  The  tube  is  generally  closed,  as  the  surfaces  of  the 
mucous  membrane  lining  it  come  into  apposition.  During  swaUowing, 
however,  the  tube  is  opened,  owing  to  the  traction  of  the  fibres  of  the 
tensor  veli  palatini  [spheno-salpingo-staphylinus  sive  abductor  tubae  (v. 
Troltsch),  sive  dilator  tubae  (Siidinger)]  inserted  into  the  membrano- 
cartilaginous  part  of  the  tube  (Toynbee,  Politzer,  Moos).  (Compare  p. 
276,  2.)  When  the  tube  is  closed,  the  vibrations  of  the  membrana 
tympani  are  transferred  in  a  more  undiminished  condition  to  the  auditory 
ossicles  than  when  it  is  open,  whereby  part  of  the  vibrating  air  is  forced 
through  the  tube  (Mach  and  Kessel).  If,  however,  the  tympanic  cavity 
is  closed  permanejUly,  the  air  within  it  becomes  so  rarefied  (p.  276)  that 
the  membrana  tympani,  owing  to  the  abnormally  low  tension,  becomes 
drawn  inwards,  thus  causing  difficulty  of  hearing.  As  the  tube  is 
lined  by  ciliated  epithelium  (p.  614),  it  carries  outwards  to  the  pharynx 
the  secretions  of  the  tympanum. 

Voise  in  the  Tube. — A  sharp,  hissing  noise  is  heard  in  the  tube  during 
swallowing,  when  we  swallow  slowly  and  at  the  same  time  contract  the  tensor 
tympani,  due  to  the  separation  of  the  adhesive  surfaces  of  its  linng  membrane. 
Another  person  may  hear  this  noise  by  using  a  stethoscope  or  his  ear. 

In  Valsalva's  experiment  (P*  112),  as  soon  as  the  pressure  of  the  air  reaches 
10-40  mm.  Hg.  air  enters  the  tube.  The  sound  is  heard  first,  and  then  we  feel 
the  increased  tension  of  the  tympanic  membrane,  owing  to  the  entrance  of  air  into 
the  tympanum.  During  forced  inspiration,  when  the  nose  and  mouth  are  closed, 
air  IB  sucked  out,  while  the  tympanum  is  ultimately  drawn  inwards. 

The  M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the 
tube  into  the  pharynx,  forms  the  levcUor-emineiue  or  cushion  (Fig.  274,  W). 
Hence,  when  this  muscle  contracts  and  its  belly  thickens,  as  at  the  oommenoe- 
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ment  of  the  act  of  deglntitioii,  and  during  phonation,  the  lower  wall  of  the  pharyn- 
geal opening  ia  raised,  and  the  opening  thereby  narrowed  (Lacae).  The  eotUraction 
of  the  tensor,  occurring  during  the  later  part  of  the  act  of  deglutition,  dilates  the 
tube. 

0th6r  Views. — According  to  Rtidinger,  the  tube  is  always  open,  although  only 
by  a  very  narrow  passage  in  the  upper  part  of  the  canal,  while  the  canal  is  dilated 
during  swallowing.  According  to  Cleland,  the  tube  is  generally  open,  and  is 
closed  during  swallowing. 

[Practical  Importance. — ^The  tympanic  cavity  forms  an  osseous  box 
and,  therefore,  a  protective  organ  for  the  auditory  ossicles  and  their 
muscles,  while  the  increased  air  space,  obtained  by  its  communication 
with  the  mastoid  cells,  permits  free  vibration  of  the  membrana  tympam. 
The  six  sides  of  the  tympanum  have  important  practical  relationa     It 
is  about  half  an  inch  in  height,  and  one  to  two  lines  in  breadth,  ie., 
from  without  inwards.     Its  roof  is  separated  from  the  cavity  of  the 
brain  by  a  very  thiQ  piece  of  bone,  which  is  sometimes  defective,  so 
that  encephalitis  may  follow  an  abscess  of  the  middle  ear.     The  ouUr 
wall  is  formed  by  the  membrana  tympani,  while  on  the  inner  wall  are 
the  fenestra  ovalis  and  rotunda,  the  ridge  of  the  aqueductus  Fallopii, 
the  promontory,  and  the  pyramid.    The  floor  consists  of  a  thin  plate  of 
bone  which  roofs  in  the  jugular  fossa  and  separates  it  from  the  jugular 
,  vein.     Fractures  of  the  base  of  the  skull  may  rupture  the  carotid  artery 
or  internal  jugular  vein ;  hence,  hsBmorrhage  from  the  ears  is  a  bad 
symptom  in  these  cases.     Caries  of  the  ear  may  extend  to  other  oigan& 
Tlie  antmor  wall  is  in  close  relation  with  the  carotid  artery,  while  the 
jmteriar  communicates  with  the  mastoid  cells,  so  that  fluids  from  the 
middle  ear  sometimes  escape  through  the  mastoid  cells.] 

That  the  air  in  the  tympanum  can  communicate  its  vibrations  to  the  membrane 
of  the  fenestra  rotunda  (p.  1044)  is  true,  but  normally,  this  is  so  slight  when 
compared  with  the  conduction  through  the  auditory  ossicles,  that  it  scarcely  need 
be  taken  into  account 

Structure.— The  tube  and  tympanum  are  lined  by  a  common  mucous  membrane, 
covered  by  ciliated  epithelium,  while  the  membrana  is  lined  by  a  layer  of  squamous 
epitheliuuL  Mucous  glands  were  found  by  TrOltsch  and  Wendt  in  the  mucous 
membrane.  [The  epithelium  covering  the  ossicles  and  tensor  tympani  is  not 
ciliated.] 

PathologieaL— The  tube  is  often  occluded,  owing  to  chronic  catarrh  and 
narrowing  from  cicatrices,  hypertrophy  of  the  mucous  membrane,  or  the  presence 
of  tumours.  The  deafiiess  thereby  produced  may  often  be  cured  by  catheierising 
the  tube  from  the  nose.  Effusions  into  or  suppuration  within  the  tympanum  of 
course  paralyse  the  sound-conducting  mechanism,  while  inflammation  often  causes 
subsequent  affections  of  the  plexus  tympanicus.  If  the  temporal  bone  be  destroyed 
by  progressive  caries  within  the  tympanum,  inflammation  of  the  neighbouring 
cerebral  structures  may  occur  and  cause  death.  (Compare  §  346,  p.  800— 0<ic 
ganglion,) 

[Methods. — Not  unfrequently  the  aurist  is  called  upon  to  dilate  the  Eustachian 
tube,  which  in  certain  cases  requires  the  use  of  a  Eustachian  catheter  introduced 
into  the  tube  along  the  floor  of  the  nose  (Fig.  438).    At  other  times  he  requires  to 
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fill  the  trmpania  c«yit;  with  ab,  which  ia  easily  done  by  means  of  a  PoUtzer's  bag 
(Pig.  439).    The  nozzle  ia  introdaced  into  ona  no«tril,  while  the  other  nostril  ia 
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Pig.  438. 
Enstaohian  catheter. 


^t-oAnt  A  SiKWHW*'^ 


Fig.  439. 

Politzer'a  ear  bag. 

dosed,  and  the  patient  it  dhrected  to  swallow,  while  at  the  same  moment  th« 
BQTgeon  comprsBses  the  bag,  and  the  patjenf a  month  being  closed,  lur  is  forced 
throngb  the  open  Enstachian  tube  into  the  middle  ear.  Sometimea  a  small 
carved  narrow  manometer,  containing  a  drop  of  coloured  water,  is  placed  in 
the  ooter  ear  (PoUtMr).  Norm^y  when  the  patient  swallows,  the  fluid  ought 
to  move  in  the  tabe.] 


412.  Conduction  of  Sound  in  the  Labyrinth. 

The  vibrations  of  the  foot  of  the  stapes  in  the  fenestra  o 
rise  to  waves  in  the  perilymph  within  the  inner  ear  or 
These  waves  are  so-called  "Jlexion  waves"  i.e.,  the 
perilfinph  moves  in  mass  before  the  impulse  of 
the  base  of  the  stapes.  This  is  only  possible 
from  the  existence  of  a  Riding  membrane — 
that  filling  the  fenestra  rotunda,  and  aometimes 
called  the  membrana  secundaria,  which  during 
rest  bulges  inwards  into  the  scala  tympani,  and 
can  be  bulged  outwards  towards  the  tympanic 
cavity  hj  the  impulse  communicated  to  it  by 
the  movement  of  the  perilymph  (Fig.  427,  r). 
The  flexion  waves  most  correspond  in  number 
and  intensity  to  the  vibrations  of  the  auditory 
ossicles,  and  must  also  excite  the  &ee  tennina- 
tiona  of  the  auditory  nerve,  which  float  free  in 
the  endolymph. 

As  the  endolymph  of  the  saccule  and  utricle  lying  in  the  vestibola 


Fig.  440. 
External  appearance 
of  the  labyrinth, 
showing  the  fenes- 
tra ovalis,  the  coch- 
lea to  the  left,  and 
(/)  the  upper,  (A) 
the  horizontal,  and 
(•)  the  poeterior 
semicircular     canal 
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receire  the  first  impnise,  and  as  they  commimicate  anterioil j  with  the 
cochlea^  and  posteriorly  with  the  semicircuh&r  canals,  conseqaently  t]ie 
motion  of  the  perilymph  most  be  propagated  through  these  cana]&  To 
reach  the  cochlea,  the  movement  passes  from  the  saccule  Qyixig  in  the 
fovea  hemispherica)  along  the  scala  vestibnli  to  the  helicotrema,  where 
it  passes  into  the  scala  tympani,  where  it  reaches  the  membrane  of  the 
fenestra  rotunda,  and  causes  it  to  bulge  outwards.  From  the  uhide 
(lying  in  the  fovea  hemielliptica),  in  a  similar  manner  the  movement  is 
propagated  through  the  semicircidar  canah,  Politzer  observed  that  the 
endolymph  in  the  superior  semicircular  canal  rose  when  he  caused 
contraction  of  the  tensor  tjmpani  by  stimulating  the  trigeminus,  just  as 
the  base  of  the  stapes  must  be  forced  against  the  perilymph  with  ev^ 
vibration  of  the  membrana  tympani. 

[From  a  practical  point  of  view  it  is  well  to  view  the  organ  of 
hearing  as  consisting  of  two  mechanisms : — 

1.  The  sound-conducting  apparatus ; 

2.  The  sound-perceiving  apparatus. 

The  former  includes  the  outer  ear,  with  its  auricle  and  eztenal 
meatus;  the  middle  ear  and  the  parts  which  bound  it,  or  open  into  it 
The  latter  consists  of  the  inner  ear  with  the  expansion  of  the  auditoiy 
nerve  in  the  labyrinth,  the  nerve  itself,  and  the  sound-perceiving  and 
interpreting  centre  or  centres  in  the  brain  (p.  922).] 

[Testing  the  Sound-conduction.— In  any  case  of  deafiiess  it  is  essen- 
tial to  estimate  the  degree  of  deafdess  by  the  methods  stated  at  p.  1044, 
and  it  is  well  to  do  so  both  for  such  sounds  as  those  of  a  watch  sud 
conversation.    We  have  next  to  determine  whether  the  softnd-conduc^ 
or  the  sound-percdmng  apparatus  is  affected.    If  a  person  is  deaf  to 
sounds  transmitted  through  the  air,  on  applying  a  sounding  tuning-fork 
to  the  middle  line  of  the  head  or  teeth,  and  if  it  be  heard  distinctlj, 
then  the  sound-perceiving  apparatus  is  intact^  and  we  have  to  look  for 
the  cause  of  deafiiess  in  the  outer  or  middle  ear.     In  a  healthy  person, 
the  sound  of  the  tuning-fork  is  heard  of  equal  intensity  in  both  ears. 
In  this  case  the  sound  is  conducted  directly  to  the  labyrinth  by  the 
cranial  bones.    In  cases  of  disease  of  the  soxmd-conducting  mechanisnv 
the  sound  of  the  tuning-fork  is  heard  loudest  in  the  decker  ear.    £^ 
Weber  pointed  out  that,  if  one  ear  be  stopped  and  a  vibrating  Usjang- 
fork  placed  on  the  head,  the  sound  is  referred  to  the  plugged  ear,  where 
it  is  heard  loudest.     It  is  assumed  that  when  the  ear  is  plugged,  the 
sound-waves  transmitted  by  the  cranial  bones  are  prevented  from 
escaping  (Mach).    If,  on  the  contrary,  the  sound  be  heard  loudest  iQ  tb0 
good  ear,  then  in  all  probability  there  is  some  affection  of  the  sound' 
perceiviiig  apparatus  or  labyrinth,  although  Oien  an  ezoeptiotas  to  liis 
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statement,  especially  in  elderly  people.  Another  plan  is  to  connect  two 
telephones  with  an  induction  machine,  provided  with  a  vibrating  Neef  a 
hammer.  The  sonnds  of  the  vibrations  of  the  latter  ate  rcprodnced  in 
the  telephones,  and  if  they  be  placed  to  the  ears,  then  the  healthy  ears 
hear  only  one  sound,  which  is  referred  to  &e  middle  line,  and  usually  to 
the  back  of  the  head.  In  diseased  conditions  this  is  altered — it  is  re- 
ferred to  one  side  or  tho  other.] 


413.  Structure  of  the  Labyrinth,  and  Termination 
of  the  Auditory  Nerve. 

Sobeme. — The  vutUmle  (Fig.  441,  III)  contaim  two  tepttrate  «■«■,  one  of  them 
th«  laceule,  $  (nmud  uc  or  S.  hemitphnrictu),  oommunicates  with  the  dvctiu  eoA- 
Uari»,  C  e,  of  the  coohlea,  the  other  the  utricle,  U  (elliptical  lac,  or  uccolns  hemi- 
ellipliciu),  comiuniiicatea  with  the  eemicironlKr  caoob,  C  i,  C  «. 

The  COChleft  conBista  of  2^  tunu  of  a  tube  diiposed  round  a,  oentral  oolmmi  or 
modioloa.  The  tube  is  divided  into  two  compArtmenti  (Fig,  427,  Fig.  441,  I)  by 
a  horizontal  Beptam,  partly  oeaeoiu  and  partly  membraaoiu,  the  lamina  ipiraiia 
ouea  and  men^tranacea.      The  loaer  compartment  is  the  acala  tympam,  and  is 


Fig.  441. 

e  lection  of  a  tnin  of  the  cochlea;  II  A,  ampnlla  of  a  lemlciKmlat 
canal  with  tlie  crista  acaitica ;  a,  p,  anditory  ceUa ;  p,  provided  with  a  fina 
hair ;  T,  otolith* ;  m,  scheme  of  the  haman  labyrinth ;  IV,  tcheme  of  a  bird's 
labyrinth ;  V,  scheme  of  a  fiik'e  labyrinth. 

The  Mpper  compartmest  U  the  Koia  vatibuli,  whioh  conmimucatee  with  the  verti- 
bnleof  tbelabyrinth(Fig.  441, 1).  These  two compartmmts oonuuDnioate directly 
liy  a  small  opening  at  Uie  apex  of  the  cochle*,  a  sickle-*hapededge["h»innlas"]i^ 
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tlM  Uraioa  ipinUf  bonsding  iho  h^eotnma  (Fig.  C27}.  3la  n«l«  TcaUbidl  fa 
diTidBdb7£eiMi(er>men5nuie(Fig,441,  J),  which  uiaea  ItMr  the  outer  put  of  the 
]MiiiiiAiI^raIiao«MiL,  kndnuit  obliquely  ontwuda  totbe  wiJlof  theoochkaeoMta 
«at  off  k  Hull  triaiigiilAr  onil,  the  dtietut  oi  cemtUit  coMtarit,  orwcUaMoSa,  Ce, 
iriiosB  floor  it  fcaned  for  the  matt  put  bj  the  bminm  ipinlii  membnaMees  utd 
an  whifih  the  end-orgu  of  the  anditory  nerve — Oortfe  orgMi — ia  pUced.  The 
lower  end  of  the  ""''W  cochlearii  ia  blind,  III,  end  dirided  tow>rde  the  uccnla, 
will)  which  it  conunnnicatee  by  tneui*  of  the  mutll  oonob  rttmimt,  C  r  (Henem). 
The  utrklB  (Fig.  441,  III,  V)  conunnniotea  with  the  thine  semidrcaUr  otnelt, 
C>,  C« — each  by  meMU  of  ut  empnlU  within  which  lie*  the  tennin&tiona  of  tlw 
unpolluy  nerves,  bnt,  ■■  the  posterior  uid  the  laperior  cuule  BDite,  there  ia  cnly 
<HM  oanunon  kmpnlU  for  them.  The  membranouiBemicircnlMcttnala  lie  within  tlM 
tmaaoB  CMuJa,  perilymph  lying  between  the  two.  Perilymph  klao  filla  the  ecalk 
veatibnli  and  tympud,  ao  that  all  the  epacM  within  the  labyrinth  are  filled  by 
fluid,  while  the  ipacea  themtelvca  are  lined  by  short  cylindriod  etathelinm. 

The  system  of  space*,  filled  by  endolympfa,  ia  the  only  part  containing  the 
nervooa  end-orgauB  for  heaiing.  All  theaa  spAcea  ooniinanioate  with  Cdch  other; 
the  iemidrcnlar  canala  diieotly  with  the  atoicle,  the  dnctn*  oochlnris  with  the 
aaoeule  throogh  the  oanalis  renniena;  and,  laitly,  the  aaccnle  and  ntride  throng 
the  "  eaccns  endolymphatiaua,"  which  springs  by  an  isolated  limb  from  each  mm  ; 
the  limbs  ttien  imite,  aa  in  the  letter  Y,  and  paa*  tbroagh  the  osaeons  aqnednctoa 
TeatdbnU  to  end  blindly  in  the  dam  mater  of  the  brun  (Fig.  Ill,  R— B6ttchar 
Betdu).  The  aqueductns  codileie  ia  another  narrow  passage  which  begjns  in  the 
scala  tympani,  immediately  in  front  of  the  fenestra  rotnnda,  and  opcma  doee  to  the 
fbesa  jQgnlaria.  It  forma  e,  direct  means  of  commonioaticm  between  the  perUyioph 
of  the  cochlea  and  the  subarachnoid  space. 

SemicironlBr  Canali  and  Teitibalar  Smb.— The  membnnons  senii<nrctilar 
canalt  do  not  fill  the  corre«pc»iduig  oaaeona  canal*  completely,  bnt  are  separated 


Fig.  442. 


Fig.  443. 


The  interior  of  the  right  labyrinth  with  it*  membranon*  canals  and  nerve*.  In 
Fig.  442,  A,  the  outer  wall  of  the  bony  labyrinth  ia  removed  to  ahow  tlw 
membranons  parts  within — 1,  Commencement  of  the  spinJ  tnbe  of  the 
cochlea;  2,  poaterior  aenucircnlar  canal,  partly  opened;  3,  horizontal;  4, 
anperior  euial;  fi,  atricte;  6,  saccule;  7,  lajmna  spiralis;  7',  scala  ^rmpsni;  8, 
ampulla  of  the  superior  membranona  CMtol;  9,  of  the  boriiontal,  10,  of  the 
poaterior  canaL  Fig.  443  shows  the  membraoons  labyrinth  and  nervea 
detached — 1,  Facial  nerve  in  the  internal  anditory  meatus;  2,  anterior  divi- 
elcn  of  the  anditory  nerve  giving  branchea  to  G,  S,  and  9,  the  utricle  and  the 
ampulhe  of  the  snperior  and  hinizontal  canala;  3,  posterior  diviaion  of  the 
anditory  nerve,  giving  brasche*  to  the  aaocnle,  6,  and  poaterior  ampulla,  10, 
and  oochlea,  4;  7,  united  part  itf  the  poaterior  and  inperior  oanala;  11,  poa- 
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from  thODi  I7  a  pretty  wide  spue,  which  is  &IIed  witli  perilTniph  (Fig.  MS).  Ab 
the  coneaTS  nutrgin  they  are  fixed  hy  counective-tuane  to  the  OBaeooa  wklli,  Hh 
ampnllfB,  howerer,  completely  fill  the  oomsponAing  ownopa  dilatatioiM.  The 
canals  mud  ampuIlB  conaistexteiiukUj'Df  anonter,  vuonIar,«mieotiTe-tiBii«l^aV 
on  which  thtm  mts  »  well-marked  hyaline  layer,  bearing  a  single  layer  of 
flattened  epitheliom. 

Crista  AcutiOft> — The  vestibular  branch  of  the  anditoiy  nerve  sends  a  brancii 
to  each  sJupEilla  and  to  the  taccnle  and  ntricle  (Fig.  413).  In  the  ampuBm 
(Fi^  441,  n,  A),  the  nerve  (c)  terminates  in  connection  with  the  eritta  nni0im. 
which  is  a  yellow  elevation  jvojecting  into  the  eqnator  of  the  ampnlla.  The  medal* 
lated  nerve-fibrei,  n,  form  a  plexoa  in  the  oonnectiTe-tissue  layer,  loae  thcor 
myelin  a«  they  paaa  to  the  hyaline  basement  membrane,  and  each  ends  in  a  cell 
provided  with  a  ri^d  hair  (0,  p)  90  *i  in  length,  so  that  the  crista  is  largely  covered 
with  these  hair-cells  (Eartmaiin),  but  between  them  are  anpporting  cells  lika 
cylindrical  epitbelinm  (a),  and  not  aa£r«qnently  containing  grannies  of  yellow  pig' 
ment.  The  hairs  or  "  auditory  hairs"  (M.  9chultie)  are  compoeed  of  many  fin* 
fibres  (Retnna).  An  exctasively  fine  membrane  {raeo^raaa  Uctoria)  coven  tha 
htin  (Piitchard,  lang}. 

Kaonlse  AoniticQ. — The  nerve  tenninatiooi  in  the  w^tiIi  aonaticn  of  tha 
Hocule  and  ntricle  are  exactly  the  same  as  in  the  ampnlla,  only  the  free  ini&oe  td 
their  membrana  teotoria  is  sprinkled  with  Bnjoll  white  chalk-like  <ay«tali  or 
Otidith»  (n,  T),  composed  of  caldc  carbonate^  which  are  sometimea  amorphoo*  and 
partly  In  the  form  of  airagtinite,  lying  fixed  in  the  visdd  endolymph.  The  non- 
mednUated  oziB  <7liuden  of  the  saccnlar  nerves  outer  directly  into  the  sabatanee 


Fig.  444. 

Scheme  of  the  dnotos  oochlearis  and  the  organ  of  Corti— N,  cochlear  nerve ;  K, 
Inner,  and  P,  outer  hur-cells ;  n,  nerve-fibril*  terminating  in  F ;  a,  a,  snp- 
porting  cells ;  i^  cell*  in  the  cnliin*  spiralis ;  z,  inner  tod  of  Cortl ;  Mb.  Corti, 
membrane  of  Corti,  or  the  membrana  toctoria  ;  o,  the  membrana  retlcnlari*  ; 
H,  0,  cells  filling  np  the  apace  near  the  outer  widL 
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of  the  hair-eellf .    The  tetminatioiiB  of  the  nerves  have  been  inveetigftted,  chiefly 
in  fishes,  in  the  rays. 

Coohl6a,^The  terminations  of  the  cochlear  branch  of  the  anditory  nerve  lie  in 
coDnection  with  Coiri%*9  crgan^  which  is  placed  in  the  canaUs  or  dnctas  codhlearis 
(Fig.  441, 1,  Cc,  and  III,  Ge,  and  Fig.  444),  the  small  triangular  chamber  [or  scala 
media],  cat  off  from  the  scala  vestibuli  by  the  membrane  of  Reissner.  Corti's 
oigan  is  placed  on  the  lamina  spiralis  membranaoea,  and  consists  of  a  mipportmg 
appcarcUm  composed  of  the  so-cidled  Corti*s  arches,  each  of  which  consists  of  two 
Corti's  rods  (z,  y),  which  lie  npon  each  other  like  the  besms  of  a  house.  Bnt  every 
two  rods  do  not  form  an  arch,  as  there  are  always  three  umer  to  two  outer  rods 
(daadins).    There  are  about  4,500  outer  rods  (Waldeyer). 

The  ductus  cochlearis  becomes  larger  towards  the  apex  of  the  cochlea,  and  the 
rods  also  become  longer ;  the  inner  ones  are  90  /i  long  in  the  first  turn,  and  34  /i  in 
the  upper,  the  outer  rods  47  m  aod  69  /i  respectively.  The  span  of  the  arches  also 
increases  (Hensen).  [The  arches  leave  a  triangular  tunnel  beneath  them.]  The 
proper  end-organs  of  the  cochlear  nerve  are  the  cylindrical  "  hair-edh  "  (Kolliker) 
previously  observed  by  Corti,  which  are  from  16,400  to  20,000  in  Dumber  (Hensen, 
Waldeyer).  There  is  one  row  of  inner  cells  (Oi  which  rests  on  a  layer  of  small 
granular  cells  (K — ^B({ttcher,  Waldeyer) ;  the  (nder  cells  (a,  a)  number  12,000  in 
man  (Retadus),  and  rest  upon  the  basement  membrane,  being  disposed  in  three  or 
even  four  rows.  Between  the  outer  hair-cells,  there  are  other  cellular  structures, 
which  are  either  regarded  as  special  cells  (DeUer^s  cells),  or  are  regarded  merely  as 
processes  of  the  hair-cells  (Lavdowsky).  [The  cochlear  branch  of  the  auditory 
nerve  enters  the  modiolus,  and  runs  upwards  in  the  osseous  channels  there  pro- 
vided for  it,  aod,  as  it  does  so,  gives  branches  to  the  lamina  spiralis,  where  they 
run  between  the  osseous  plates  which  form  the  lamina.]  The  fibres  (N)  come  out 
of  the  lamina  spiralis  after  traversing  the  ffOftgUonic  cells  in  their  course  (Fig.  441, 
I,  G),  and  end  by  fine  varicose  fibrils  in  the  hair-cells  (Fig.  444— Waldeyer, 
Oottstein,  Lavdowsky,  Retzius). 

Membrana  Setioularil-  — Oorti's  rods  and  the  hair-cells  are  covered  by  a  special 
membrane  (o),  the  membrana  reticularis  of  Kolliker.  The  upper  ends  of  the  hair- 
cells,  however,  project  through  holes  in  this  membrane,  which  consists  of  a  kind  of 
cement  substance  holding  these  parts  together  (Lavdowsky).  [Springing  from  the 
outer  end  of  the  lamina  spiralis,  or  crista  spiralis,  is  the  membrana  teetaria,  some- 
times called  the  membrane  of  CortL  It  is  a  well-defined  structure,  often  fibrillated 
in  appearance,  and  extends  outwards  over  the  organ  of  Corti.]  Waldeyer  regards 
it  as  a  damping  apparatus  for  this  organ  (Fig.  444,  Mb.  Corti). 

[Basilar  Membrane* — Its  breadth  increases  from  the  base  to  the  apex  of  the 
cochlea.  This  &ct  is  important  in  connection  with  the  theory  of  the  perception  of 
tone.  It  is  supposed  that  high  notes  are  appreciated  by  structures  in  connection 
with  the  former,  and  low  notes  by  the  upper  parts  of  the  bssilar  membrane.  In 
one  case,  recorded  by  Moos  and  Steinbrugge,  a  patient  heard  low  notes  only  in  the 
right  ear,  and  after  death  it  was  found  that  the  auditory  nerve  in  the  first  turn  of 
the  cochlea  was  atrophied.] 

Intra-Labyrinthine  Pressure. — ^The  lymph  within  the  labyrinth  is 
under  a  certain  pressure.  Every  diminution  of  the  pressure  of  the 
air  in  the  tympanum  is  accompanied  by  a  correspondingly  short  dimi- 
nution of  the  intra-labyrinthine  pressure,  while,  conversely,  eveiy 
increase  of  pressure  is  accompanied  by  an  increase  of  the  lymph- 
pressure  (F.  Bezold). 

The  perilymph  of  the  inner  ear  flows  away  chiefly  through  the 
aqueductus  cochlese,  in  the  circumference  of  the  foramen  jugulare^  into 
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the  peripheral  lymphatic  system,  which  also  takes  up  the  cerebro-spinal 
fluid  of  the  subarachnoid  space,  while  a  small  part  drains  away  to  the 
sub-dural  space  through  the  internal  auditory  meatus.  The  endo-lymph 
flows  through  the  arachnoid  sheath  of  the  N.  acusticus  into  the  sub- 
arachnoid space  (C.  Hasse). 

414.  (iuality  of  Auditory  Perceptions— Perception  of 
the  Pitch  and  Strength  of  Tones. 

Tones  and  Noises. — Every  normal  ear  is  able  to  distinguish  musical 
tones  and  noises.  Physical  experiments  prove  that  tones  are  produced 
when  a  vibrating  elastic  body  executes  jperiodic  movements — i.«.,  when 
the  sounding  body  executes  the  same  movement  in  equal  intervals  of 
time,  as  the  vibrations  of  a  string  which  has  been  plucked.  A  noise 
is  produced  by  non-periodic  movements — ie,,  when  the  sounding  body 
executes  unequal  movements  in  equal  intervals  of  time.  [The  non- 
periodic  movements  clash  together  on  the  ear,  and  produce  dis- 
sonance, as  when  we  strike  the  key-board  of  a  piano  at  random.]  This 
is  readily  proved  by  means  of  the  siren.  Suppose  that  there  are  forty 
holes  in  the  rotatory  disc  of  this  instrument,  placed  at  exactly  the 
same  distance  from  each  other — on  rotating  the  disc  and  directing  a 
current  of  air  against  it,  obviously  with  every  rotation,  the  air  will  be 
rarefied  and  condensed  exactly  forty  times.  Every  two  condensations 
and  rarefactions  are  separated  from  each  other  by  an  e^ml  interval  of 
time.  This  arrangement  yields  a  characteristic  musical  tone  or  note. 
If  a  similar  disc  with  holes  perforated  in  it  at  unequal  distances  be 
used,  on  air  being  forced  against  it,  a  whirring  non-musical  noise  is 
produced,  because  the  movements  of  the  sounding  body  (the  condensa- 
tions and  rarefactions  of  the  air)  are  nonrperiodic.  [The  double  siren 
of  V.  Helmholtz  is  an  improved  instrument  for  showing  the  same 
facts.] 

The  normal  ear  also  distinguishes  in   every  tone    three  distinct 

factors : — 

[1.  Intensity  or  force ; 

2.  Pitch; 

3.  Quality,  timbre  or  "  klang."] 

1.  The  intensity  of  a  tone  depends  upon  the  greater  or  lesser  ampli- 
tude of  the  vibrations  of  the  sounding  body.  Every  one  knows  that  a 
vibrating  string  emits  a  feebler  sound  when  its  excursions  are  smaller. 
(The  intensity  of  a  sound  corresponds  to  the  degree  of  illumination  or 
brightness  in  the  case  of  the  eye.) 

2.  The  pitch  depends  upon  the  number  of  vibrations  which  occur  in 
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ft  given  time  (Mersezmey  1636),  [or  the  length  of  time  occupied  by  a 
flin^e  vibration].  This  is  proved  by  means  of  the  siren.  If  the 
rotating  disc  have  a  series  of  forty  holes  at  equal  intervalS|  and  another 
series  of  eighty  eqni-distant  from  each  other,  on  blowing  a  stream  of 
air  against  the  rotating  disc,  we  hear  two  sounds  of  unequal  pitch,  one 
being  the  octave  of  the  other.  (The  perception  of  pitch  corresponds 
to  the  sensation  of  colour  in  the  case  of  the  eye.) 

3.  The  quality  or  timbre  {^^ KUmgfarhe**)  is  peculiar  to  different 
sonorous  bodies.  [It  is  the  peculiarity  of  a  musical  tone  by  which  we 
are  enabled  to  distinguish  it  as  coming  from  a  particular  instrument, 
or  from  the  human  voice.  Thus,  the  same  note  struck  on  a  piano  and 
sounded  on  a  violin  differs  in  quality  or  tirnJtre,^  It  depends  upon 
the  peculiar  form  of  the  vibration^  or  the  form  of  the  wave  of  the  sonorous 
body.     (There  is  no  analogous  sensation  in  the  case  of  light.) 


!•  Pereeption  of  Piteh* — ^By  means  of  the  organ  of  healing,  we  can  deter- 
mine that  d&erent  tones  have  a  different  pitch.  In  the  so-called  musical  scale,  or 
gamut,  this  difference  is  veiy  marked  to  a  normal  ear.  But  in  the  scale  there  are 
again  4  tones,  which,  when  they  are  sounded  together,  cause  in  a  normal  ear  the 
MBsation  of  an  agreeable  sound,  which  once  heard  can  readily  be  reproduced.  This 
k  the  tone  of  the  so-called  Accord,  Triad,  or  Conmion  Chord,  consisting  of  the  Ist^ 
Srd,  aad  5th  tones  of  the  scale,  to  which  the  8th  tone  or  octave  is  added.  We 
have  next  to  determine  the  pitch  of  the  tones  of  the  chord,  and  then  that  of  the 
other  tones  of  the  scale.  The  siren  is  used  for  the  fundamental  experiment,  from 
whieh  the  others  can  easily  be  calculated.  Four  concentric  cirdes  are  drawn 
i^iMi  the  rotataiy  disc  of  the  siren ;  the  inner  circle  contains  40  holes,  the  seoond 
50,  the  third  60,  and  the  outer  SO— all  the  holes  being  at  equal  distances  fix>m 
each  other.  If  the  disc  be  rotated,  and  air  forced  against  each  series  of  holes  in 
twm,  we  distinguish  successively  the  four  tones  of  the  accord  (major  chord  with 
its  odtaTe) ;  when  all  the  four  series  are  blown  upon  dmuUaneotu^f,  we  hear 
in  oomplete  purity  the  major  chord  itself.  The  relcUive  number  qf  the  hole*  in  the 
four  series  indicates  in  the  simplest  manner  the  relative  pitch  of  the  tones  of  the 
migor  chord.  While  one  revolution  of  the  disc  is  necessary  to  produce  itbefunda- 
mental  ground-tone  (key-note  or  tonic)  with  40  condensations  and  rarefactions  of 
the  air — in  order  to  produce  the  octave,  we  must  have  double  the  number  of  con- 
densations and  rarefactions  during  one  revolution  in  the  same  time.  Thus,  the 
relation  of  the  number  of  vibrations  of  the  Ground-tone  or  Tonic  to  the  octave 
next  above  it,  is  1 :  2.  In  the  second  series  we  have  50  holes,  which  cause  the  pitch 
of  the  Third;  hence,  the  relation  of  the  Ground-tone  to  the  Third  in  this  case  is 
40 :  50,  or  1 :  1J=  i—i.e,,  for  every  vibration  of  the  Ground-tone  there  are  (  vibra- 
tions in  the  Third.  In  the  third  series  are  60  holes,  which,  when  blown  upon, 
yield  the  F\fth;  hence^  the  ratio  of  the  Ground-tone  to  the  Fifth  in  our  disc  is 
40 :  60,  or  1 :  li=s{.  In  the  same  way  we  can  estimate  the  pitch  of  the  Fourth 
tone,  and  we  find  that  the  number  of  vibrations  of  the  Firsts  Third,  Fifth,  and 
Octave  are  to  each  other  as  1 :  f :  f  :  2. 

The  Minor  chord  is  quite  as  characteristio  to  a  normal  ear  as  the  Major.  It  is 
distinguished  essentially  from  the  latter  by  its  Third  being  half  a  tone  lower. 
We  can  easily  imitate  it  by  the  siren,  as  the  Minor  Third  consists  of  a  number  of 
vibrations  which  stand  to  the  Ground-tone  as  6  :  5 — i.e.,  if  5  vibrations  occur  in  a 
given  time  in  the  Ground-tone,  then  6  occur  in  the  Minor  Third ;  its  vibration 
number,  therefore,  is  f . 
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From  theie  relationa  of  the  Major  and  Minor  common  chordi,  we  may  ealeulftte 
the  rehbtlYe  tones  in  the  loale,  and  we  must  Temeniber  that  the  Ootaye  of  a  tone 
always  yields  the  foUest  and  most  complete  hannony.  It  is  eyident  tiiat  ae  tiie 
Major  Third,  the  Minor  Third,  and  the  Fifth  harmoniae  with  the  fimdamental 
Oronnd-tone  or  key-note,  they  mnst  also  harmonise  with  the  Octave  of  the  key- 
note. We  obtain  from  the  Major  Third  with  the  number  of  Yibrations  f,  the 
Minor  Sixth  with  f ;  from  the  Minor  Third  with  f,  the  Major  8ixth«:(Aar)  f ; 
from  the  Fifth  with  |,  the  Fourths  }.  These  relations  are  known  aa  the  '*  Inw- 
sions  of  the  Intervals. "  These  relations  of  the  tones  are,  ooUeotiyely,  the  conaonaiil 
intervals  of  the  scale.  The  dissonant  stsges,  or  discords,  of  the  scale  can  be 
obtained  as  follows : — Suppose  that  we  have  the  Groand-tone  or  key-note  C,  with 
the  number  of  vibrations=  1,  the  Third  E=:f ,  the  Fifth  G=s|^,  and  tiie  Octayesa2, 
we  then  derive  from  the  Fifth  or  Dominant  G  a  Major  chord — this  is  G,  B,  D*. 
The  relative  number  of  vibrations  of  these  3  tones  is  the  same  as  in  tiie 
Major  chord  of  C„  C,  E,  G.  Hence,  the  number  of  vibrations  of  G :  B  is  m 
O  :  E.  When  we  substitute  the  values  we  obtain  }  :  B=sl :  f-^.&.  Bay.  But 
D' :  B=G  :E;  so  that  D  :  V=i  '  i — *•&>  ^'=V»  <^  ^n  octave  lower,  we  have 
D=|.  Deduce  from  F  (sub-dominant)  a  Major  chord,  F,  A,  C.  The  relaiiofi  of 
A :  C'=E  :  G,  or  A :  2=4  :  #—».«.,  A^f.  Lastly,  F :  A«C  :  B,  orF  :  t=sl  :f— 
i.e.,  F=|.  So  that  all  the  tones  of  the  scale  have  the  following  number  of  vibra- 
tions:— L,  C=I;  H.,  D=|;   m.,  E=i;  IV.,  F=J;  V.,  G=f ;  VL,  A-f; 

vn.,  B=V;  vin.,  c'=2. 

Conventional  EatimatO  of  Pitoh. — Conventionally,  the  pitch  or  concert'pitch 
of  the  note,  a,  is  taken  at  440  vibrations  in  the  second  (Scheibler,  1834),  although  in 
France  it  is  taken  at  435  vibrations  per  second.  From  this  we  can  estimate  the 
absolute  number  of  vibrations  for  the  tones  of  the  scale:  0=33,  D =37 '125, 
E=41-23,  F=44,  G=49-6,  A=55,  B=61-875  vibrations.  The  number  of  vibra- 
tkms  of  the  next  highest  octave  is  found  at  once  by  multiplying  these  numbers 
by  2. 

Hnsioal  HotOS. — ^®  lowest  notes  used  in  music  are  the  double-bass,  E,  with 
41*25  vibrations,  pianoforte  C  with  33,  grand  piano  A'  with  27 '5,  and  organ  C' 
with  16 '5.  The  highest  notes  in  music  are  the  pianoforte  c^  with  4,224,  and  d^  on 
the  piccolo-flute,  with  4,752  vibrations  per  second. 

Limits  of  Auditory  Perception. — According  to  Preyer, 
the  limit  of  the  perception  of  the  lowest  audible  tone 
lies  between  16  and  23  vibrations  per  second,  and 
6^^  with  40,960  vibrations  as  the  highest  audible  tone; 
80  that  this  embraces  about  11^  octaves. 

[Audibility  of  Shrill  Hotes.— This  varies  very  greatly  in 
diflftdrent  persons   (Wollaston).     There  is  a  remarkable  fiJling 
off  of  the  power  as  age  advances  (Galton).     For  testing  this, 
Galton  uses  a  small  whistle  (Fig.  446),  made  of  a  brass  tube, 
with  a  diameter  of  less  than  ^th  of  an  inch.    A  plug  is  fitted 
at  the  lower  end  to  lengthen  or  shorten  the  tube^  whereby  the 
pitch  of   the  note  is  altered.     Amongst  animals  Galtoa  finds        ffig.  446L 
none  superior  to  cats  in  the  power  of  hearing  shriU  sounds,  p  .      ,  Tm.*«ff 
and  he  attributes  this  ''to  di£ferentiatbn  by  natural  lelection       .^    ,        ^. 
amongst  these   animals  until  they  have  the  power  of  hearing      qAMniAnn\ 
aU  the  high  notes  made  by  mice  and  other  little  creatures  th«t  '* 

they  have  to  catch.'*] 

Variations  in  Auditory  Perceptiini.— -It  ie  rare  to  find  that  tones  pradacad 
by  more  than  85,000  vibrations  per  aaoond  are  heanU    Whm  the  tHwnr  ^mpwi 
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is  oontnetecl,  the  peroeptioD  may  be  increaaed  for  tones  3,000  to  5,000  Tibratioiis 
higher,  bnt  rarely  more.  Pathologically,  the  peroepticn  for  high  notes  may  be 
abnormally  aoate — I,  When  the  tension  of  the  somid-oondncting  apparatna 
generally  Is  increased.  2.  By  elimination  of  the  sonnd-oondncting  apparatos  of 
the  middle  ear,  which  offers  greater  or  less  resistance  to  the  propagation  of  very 
high  notes,  as  perforation  of  the  membrana  tympani,  or  loss  of  the  incus  and 
mallens.  In  these  cases  the  stepes  is  directly  set  in  vibration  by  the  sound-waves, 
when  tones  up  to  80,000  vibrations  have  been  perceived.  Diminished  tension  of 
the  sonnd-condncting  apparatus  causes  diminution  of  the  perception  for  high  tones 
(Blake). 

A  smaUer  number  of  vibrations  than  16  per  second  (as  in  the  organ)  are  no 
longer  heard  as  a  tone,  but  as  single  dull  impulses.  The  tones  that  are  produced 
beyond  the  highest  audible  note,  as  by  stroking  small  tuning-forks  with  a  violin 
bow,  are  also  no  longer  heard  as  tones,  but  they  cause  a  painful  cutting  kind  of 
impression  in  the  ear.  In  the  musical  scale  the  range  is,  approximately,  from  G 
of  the  first  octeve  with  16*5  vibrations  to  e,  the  eighth  octove. 

Compaiiion  of  Ear  and  Eya. — In  comparing  the  perception  of  the  eye  with 
that  of  the  ear,  we  see  at  once  that  the  range  of  accommodation  of  the  ear  is  much 
greater.  Red  has  456  billions  of  vibrations  per  second,  while  the  visible  violet  has 
but  667,  so  that  the  eye  only  takes  cognisance  of  vibrations  which  do  not  form 
even  1  octeve. 

Loweat  Aadible  Tone. — Ab  to  the  smallest  number  of  successive 
vibrations  which  the  ear  can  perceive  as  a  sensation  of  tone,  Savart 
and  Pfaundler  considered  that  2  would  suffice.  If,  however,  we 
exclude  in  our  ezperimente  the  possibility  of  the  occurrence  of  over- 
tones, 4  to  8  (Mach)^  or  even  16  to  20  vibrations  (F.  Auerbach, 
Kohlrausch),  are  necessary  to  produce  a  characteristic  tone. 

When  tones  succeed  each  other  rapidly,  they  are  still  perceived  as 
distinct^  when  at  least  0*1  second  intervenes  between  two  successive 
tones  (v.  Helmholtz) ;  if  they  follow  each  other  more  rapidly  they  fuse 
with  each  other,  although  a  short-time  interval  is  sufficient  for  many 
musical  tones. 

By  the  term,  ^fineness  of  the  ear"  or,  as  we  say,  a  *'good  ear,"  is 
meant  the  capacity  of  distinguishing  from  each  other,  as  different,  two 
tones  of  nearly  the  same  number  of  vibrations.  This  power  can  be 
greatly  increased  by  practice,  so  that  musicians  can  distinguish  tones 
that  differ  in  pitch  by  only  7^,  or  even  YYtXFf  ^^  ^^^^  vibrations. 

With  regard  to  the  ttme-sense,  it  is  found  that  beats  are  more 
precisely  perceived  by  the  ear  than  by  the  other  sense-organs  (Horing, 
Mach,  Yierordt). 

Pathological. — ^According  to  Lues,  there  are  some  ears  that  are  better  adapted 
for  hearing  low  notes  and  others  for  high  notes.  Both  conditions  are  disadvan- 
tageous for  hearing  speech.  Those  who  hear  low  notes  best  hear  the  highest 
consonants  imperfectly.  The  low  notes  are  heard  abnormally  loud  in  rheumatio 
facial  paralysis,  while  the  high  tones  are  heard  abnormaUy  loud  in  cases  of  loss 
of  the  membrana  tympani,  incus,  and  malleus.  The  stapedius  is  in  full  action^ 
whereby  the  hi^est  tones  are  heard  louder  at  the  expense  of  the  lower  note& 
Many  persons,  with  normal  hearing,  hear  a  tone  higher  with  one  ear  than  with  the 
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other.  This  condition  is  called  diplacuM  binauraUs,  In  rare  casea  sudden  loss  of 
the  perception  of  certain  tones  has  been  observed,  e .^.,  the  bass-dec^fnesa  of  Moos. 
In  a  case,  described  by  Magnus,  the  tones,  d',  b',  were  not  heard  (§  316). 

U>  Peroeptioil  of  the  Intensity  of  Tone. — ^The  intensity  of  a  tone  depends 
upon  the  amplitude  of  the  vibrations  of  the  sounding  body.  The  intensity  of  the 
tone  is  proportional  to  the  square  of  the  amplitude  of  vibration  of  the  sounding 
body,  f.e.,  with  2,  3,  or  4  times  the  amplitude,  the  intensity  of  the  tone  is  4,  9,  16 
times  as  strong.  As  sonorous  vibrations  are  communicated  to  our  ears  by  the 
wave-movements  of  the  air,  it  is  evident  that  the  tones  must  become  less  and  less 
intense,  the  further  we  are  from  the  source  of  the  sound.  The  intensity  of  the 
sound  is  inversely  proportional  to  the  square  of  the  distance  of  the  source  of  the 
sound  from  the  ear. 

Tests. — 1*  Place  a  watch  horizontally  near  the  ear,  and  test  how  dose  it  may 
be  brought  to  the  ear,  and  also  how  far  it  may  be  removed,  and  still  its  sounds  be 
heard.  Measure  the  distance.  2.  Itard  uses  a  small  hammer,  suspended  like  a 
pendulum,  and  allowed  to  fall  upon  a  hard  surface.  3.  Balls  of  different  weights 
are  allowed  to  fall  from  varying  heights  upon  a  plate.  In  this  case  the  intensity 
of  the  sound  is  proportional  to  the  product  of  the  weight  of  the  ball  into  the  height 
it  falls. 

As  to  the  limits  of  the  perception  of  the  intensity  of  a  tone,  it  b  found  that 
a  spherule  weighing  1  milligram,  and  fidling  from  a  height  of  1  mm.  upon  a  glass 
plate,  is  heard  at  a  distance  of  5  centimetres  (Schafhault). 


415.  Perception  of  Quality— Analysis  of  Vowels. 

By  the  term  quality  C'Klangfarbe"),  musical  colour  or  timbre,  is  understood  a 
peculiar  character  of  the  tone,  by  which  it  can  be  distinguished  apart  from  ite 
pitch  and  intensity.  Thus,  a  flute,  horn,  violin,  and  the  human  voice  may 
all  sound  the  same  note  with  equal  intensity,  and  yet  all  the  four  are  distin- 
guished at  once  by  their  specific  quality.  Wherein  lies  the  essence  ( Wesen)  of 
tone-colour?  The  investigations  of  v.  Helmholtz  have  proved  that,  amongst 
mechanisms  which  produce  tones,  only  those  that  produce  pendulum-like  vibra- 
tions—i.e.,  the  to-and-fro  vibrations  of  a  metallic  rod  with  one  end  fixed— and 
tuning-forks,  execute  simple  pendulum-like  vibrations.  This  can  be  shown  by 
making  a  tuning-fork  write  off  its  vibrations  on  a  recording  8ur£BM»,  when  a  com- 
pletely uniform  wave-line,  with  equal  elevations  and  depressions,  is  noted.  The 
term  "tone "  Ib  restricted  to  those  sounds  [hardly  ever  occurring  in  nature]  which 
are  due  to  simple  pendulum-like  vibrations.  Other  investigations  have  shown  that 
the  tones  of  musical  instruments  and  of  the  human  voice,  all  of  which  have  a  char- 
acteristic quality  of  their  own,  are  composed  of  many  single  simple  tones.  Amongst 
these,  one  is  characterised  by  its  intensity,  and  at  the  same  time  it  determines  the 
pitch  of  the  whole  compound  musical  "tone-picture."  This  is  called  the  funda- 
mental tone  or  key-note.  The  other  weaker  tones  which,  as  it  were,  spring 
from  and  are  mingled  with  this,  vary  in  different  instruments  both  in  intensity 
and  number.  They  are  ''upper  tones/'  and  their  vibrations  are  always  some 
multiple— 2,  3,  4,  5....  times— of  the  fundamental  tone  or  key-note.  In  general^ 
we  say  that  all  those  outbursts  of  sound,  which  embrace  numerous  strong 
upper  tones,  especially  of  high  pitch,  in  addition  to  the  fundamental  tone» 
are  characterised  by  a  sharp,  piercing,  and  rough  quality,  such  as  emanates  from 
a  trumpet  or  clarionet,  and  that,  conversely,  the  quality  is  characterised  by  mild- 
ness and  softness  when  the  over-tones  are  few,  feeble,  and  low— e.^.,  such  as  are 
produced  by  the  flute.  It  requires  a  well-trained  musical  ear  to  distinguish,  in  an 
instrumental  burst,  the  over-tones  apart  from  the  fundamental  tone.    Bat  this  ia 
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▼eiy  eanly  done  with  the  aid  of  reMaators  (Fig.  449).  These  oonaist  of  tphotel 
or  foimel-Bhaped  hollow  bodies,  made  of  brass  or  some  other  sabstanoe,  which,  by 
means  of  a  short  tabe,  can  be  placed  in  the  enter  ear.  If  a  resonator  be  placed  in 
the  ear,  we  can  hear  the  fideblest  over-tone  of  the  same  nnmber  of  vibrations  as  the 
fundamental  tone.  Thns,  musical  instruments  are  distiaguished  by  the  nnmber, 
intensity,  and  pitch  of  the  over-tones  which  they  produoe.  A  vibrating  metallie 
rod  and  a  tuning-fork  have  no  over-tones ;  they  only  give  the  fundamental  tooe. 
As  already  mentioned,  the  term  simple  tone  is  applied  to  sounds  due  to  siniple 
pendulum-like  vibrations,  while  a  sound  composed  of  a  fundamental  tone  and 
over-tones  is  called  a  "  klang  "  or  compound  musical  tone. 

Vibration  Curve  of  a  MlUioal  Tone.— When  we  remember  that  a  musioal 
tone  or  clang  consists  of  a  fundamental  tone  and  a  number  of  over-tones  of  a 
certain  intensity,  which  determine  its  quality,  then  we  ought  to  be  aUe  to 
construct  geometrically  the  vibration  curve  of  the  musical  tone.    Let  A  lepzesent 

the  vibration  curve  of  the  funda- 
mental tone,  and  B  that  of  the  first 
moderately  weak  over-tone  (Fig. 
446).  The  combination  of  these 
two  curves  is  obtained  simply  by 
computing  the  height  of  the 
ordinates,  whereby  the  ordinates 
of  the  over-tone  curve,  lying  above 
the  abscissa  or  horizontal  line,  are 
added  to  the  fundamental  tone 
curve,  while  those  of  the  ordinates 
below  the  line  are  subtracted  from 
it.  Thus,  we  obtain  the  curve  C, 
which  is  not  a  simple  pendulum-like 
curve,  but  one  which  corresponds  to 
an  unsteady  movement.  A  new 
curve  of  the  second  over-tone  may 
be  added  to  C,  and  so  on.  The 
Fiff  446  result  of  all  these  combinations  is 

^'       *  that  the    vibration   curves    cone- 

Curves  of  a  musical  tone  obtained  by  com-  spending  to  the  compound  musical 
pounding  the  curve  of  a  fundamental  tone  tones  are  unsteculy  periodic  curves, 
with  that  of  its  over-tones.  AU  these  curves  must,  of  course, 

vary  with  the  number  and  pitch  of 
the  compounded  over-tone  curves. 
Displacement  of  the  Phases. — ^The  form  of  the  vibration  of  one  and  the  same 
musiccJ  tone  may  vary  very  greatly  if,  in  compounding  the  curves  A  and  B,  the 
curve  B  is  only  dightly  displaced  laterally.  If  B  is  displaced  so  that  the  hollow  of 
the  wave,  r,  falls  under  A,  the  addition  of  both  curves  yields  the  curve,  r,  r,  r, 
with  small  elevations  and  broad  valleys.  If  B  be  displaced  still  further,  until  the 
elevation  of  the  wave.  A,  coincides  with  A,  we  obtain  still  another  form,  so  that 
by  displacement  of  the  pJuues  of  the  wave-motions  of  the  compounded,  simple 
pendulum-like  vibrations,  we  obtain  numerous  different  forms  of  the  same  musical 
tone.    The  displacement  of  the  phases,  however,  has  no  effect  on  the  ear. 

The  general  result  of  these  obeervations,  and  those  of  Fourier,  is  that  the  quality 
of  a  musical  tone  depends  upon  the  characteristic  form  of  the  vibratory  movement. 
Analysis  of  Vowels* — The  human  voice  represents  a  reed  instrument  with 
vibrating  elastic  membranes,  the  vocal  cords  (§  312).  In  uttering  the  various 
vowels  the  mouth  assumes  a  characteristic  fonn,  so  that  its  cavity  has  a  certain 
fundamental  tone  peculiar  to  itself.  Thus,  to  the  fundamental  tone  of  a  certain 
pitch  produced  within  the  lamyx,  there  are  added  certain  over-tones  which  oom- 
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initiiiGftbo  to  the  laryngeal  tone  the  Tocal  or  y<nrel  qoality.  Henoe,  a  vowel  is  the 
timbre  or  qnality  of  a  musical  tone  which  is  prodooed  in  the  larynx.  The  qnality 
depends  npon  tiie  nnmber,  intensity,  and  pitch  of  the  over-tones,  and  the  latter, 
again,  depend  on  the  configoration  of  the  "  vocal  cavity  "  (§  317)  in  uttering  the 
different  vowels. 

Suppose  a  person  to  sing  the  vowels  one  after  the  other  on  a  special  note,  e.g,f 
b  1^,  we  can,  with  the  aid  of  resonators  determine  the  over-tones,  and  in  what  inten- 
sity they  are  mixed  with  the  fondamental  tone,  b&,  to  give  the  characteristic 
quality.  According  to  v.  Helmholtz,  when  we  sound  the  vowels  on  b  \},  for  each  of 
the  three  vowels,  one  over-tone  is  specially  characteristio  for  A-b'  i  b;  for  O-b'  \};  for 
U-f.  The  other  vowels  and  the  diphthongs  have  each  two  specially  characteristic 
over-tones,  because,  in  these  cases,  the  month  is  so  shaped  that  the  posterior  larger 
cavity,  and  also  the  anterior  narrower  part,  each  yields  a  special  tone  (§  316,  I. 
and  E).  These  two  over-tones  are  for  E-b'"  \f  and  V;  for  I  d^^  and  f ;  for  A-gi" 
and  d'l;  for  O-o'"  K  and  f ;  for  C-g'"  and  f.  These,  however,  are  only  the  special 
upper  tones.    There  are  many  more  upper  tones,  but  they  are  not  so  prominent. 

ArtifLcial  Vowels* — Jnst  as  it  is  possible  to  analyse  a  vowel  into  its  funda- 
mental tone  and  its  upper  tones,  it  is  possible  to  compound  tones  to  produce  the 
vowels  by  simultaneously  sounding  the  fnndamental  tone  and  the  corresponding 
upper  tones.  1.  A  vow^  is  produced  simply  by  singing  loudly  a  vowel,  e.g..  A, 
upon  a  certain  note  against  the  free  strings  cdP  an  open  piano,  whilst  by  the  pedal 
the  damper  is  kept  raised.  As  soon  as  we  stop  singing,  the  characteristic  vowel  is 
sounded  by  the  strings  of  the  piano.  The  voice  sets  into  sympathetic  vibration  all 
those  strings  whose  over-tones  (in  addition  to  the  fundamental  tone)  occur  in  the 
vocal  compound  tone,  so  that  they  vibrate  for  a  time  after  the  voice  ceases  (v. 
Helmholtz).  2.  The  vowel  apparatus  devised  by  v.  Helmholtz  consists  of  numerous 
tuning-forks,  which  are  kept  vibrating  by  means  of  electric  magnets.  The  lowest 
tuning-fork  gives  the  fundamental  tone,  B|7,  and  the  others  the  over-tones.  A 
resonator  ia  placed  in  front  of  each  tuning-fork,  and  the  distance  between  the  two 
can  be  varied  at  pleasure.  The  resonators  can  be  opened  and  closed  by  a  lid 
passing  in  firont  of  their  openings.  When  the  resonator  is  dosed,  we  cannot  hear 
the  tone  emitted  by  the  tuning-fork  placed  in  front  of  it ;  but  when  one  or  more 
resonators  are  opened,  the  tone  is  heard  distinctly,  and  it  is  louder  the  more  the 
resonator  is  opened.  By  means  of  a  series  of  keys,  like  the  keys  of  a  pianoforte,  we 
can  rapidly  open  and  close  the  resonators  at  will,  and  thus  combine  various  over- 
tones with  the  fundamental  tone  so  as  to  produce  vowels  with  different  qualities, 
y.  Helmholtz  makes  the  following  compositions: — IJ =3  \}  with  b  [^  weak  and  f ' ;  0  s 
damped  B  [7  with  b'  \}  strong  and  weaker  b  [7,  f ,  d";  A=b  [^  (fundamental  tone),  with 
moderately  strong  b'f^  and  f",  and  strong  b"|7  and  d'";  Asb [^  (fundamental  tone) 
with  b'  1^  and  f "  somewhat  stronger  than  for  A,  d"  strong,  b' '  \^  weaker,  d"'  and  f> ' ' 
as  strong  as  possible;  E=b[^  (as  fundamental  tone)  moderately  strong,  with  b'  }f 
and  f  moderate  also,  and  f",  a'"^,  and  b'"|7,  as  strong  as  pooaible;  I  could  not 
be  produced. 

lii  Appunil's  apparatus,  the  fundamental  tone  and  the  over-tones  are  pro- 
duced by  means  of  organ  pipes,  whose  notes  can  be  combined  to  produce  the 
vowels,  but  it  is  not  so  good  as  the  tuning-forks,  since  the  organ  pipes  do  not  yield 
simple  tones,  but,  nevertheless,  some  of  the  vowels  can  be  admirably  reproduced 
with  this  apparatus. 

Edison's  Phonograph* — If  we  utter  the  vowels  against  a  delicate  membrane 
stretched  over  the  end  of  a  hollow  cylinder,  and  if  a  writing  style  be  fixed  to  the 
centre  of  the  membrane,  and  the  style  be  so  arranged  that  it  can  write  or  record  its 
movements  on  a  piece  of  soft  tinfoil  arranged  on  a  revolving  apparatus,  then  the 
vowel  curve  is  stamped,  as  it  were,  upon  the  tinfoiL  If  the  style  now  be  made  to 
touch  the  tin-foil  while  the  latter  is  moved,  then  the  style  is  moved — it  moves  the 
membrane,  and  we  hear  distinctiy  by  reaonanee  the  vowel  sound  reproduced. 


EOKNIG  S   UANOHETRIC  FLAMES. 


[Kondg'a  ][UOm«tlio  TlamM.— Xhli  U  &  moit  ingeuloiv  appMstn*,  mtwl 
b7  iiMMi*  of  it  tli«  qwJity  of  the  vowel  eoiuid*  U  ewily  Bbown.    It  coii*i«ta  of  » 


Fig,  4*8. 
Flanie-pictare«  of  the  voweU  oc,  o,  and  A  (Koenig). 


EOXNIO'S  MAKOHSTRIC  AFPARATUS. 
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■null  wooden  capnile,  A,  divided  into  two  oomputments  by  a  pieoe  of  thin  ahert 
indik-mbber.  Ordinary  gaa  pause  Into  tbe  chamber  on  one  «ide  of  the  membrane, 
throngh  the  itop-cock,  and  it  is  lighted  at  a  amall  burner.  To  the  other  com- 
partment a  attached  a  wider  tnbe,  with  a  montii-piece.  The  whole  i«  fixed  on  a 
atand  (Fig.  447),  and  near  it  u  placed  a  fbor-sided  rotating  mirror,  M,  as  laggested 
by  Wbeatatone.  On  Bpeaking  or  einginjf  a  vowel  into  the  month-piece,  and 
rotating  the  mirror,  a  toothed  or  zigzag  flame-piotore  is  obtained  in  the  mirror. 
The  form  of  the  flame-pioture  ia  characteristic  lor  each  vowel,  and  varies,  of  coiuw, 
with  the  pitch.] 

[Pfg.  448  showa  the  fbnn  of  the  flame-pictnre  obtained  in  the  rotating  mirror 
when  the  vowels  on,  o,  a,  are  innf;  at  the  pitch  of  uti,  «oli,  and  utj.  Thia  ssriea 
■hows  how  they  differ  in  quality.] 

[Koenig  hat  also  invented  the  apparatus  (Fig.  449)  for  analyaing  any  oomponnd 
tone  whose  fhndamental  tone  is  dt).  It  contiata  of  a  series  of  reaonatora,  from 
DT)  to  UT«,  fixed  in  an  iron  frame.  Elach  reaonator  ia  oouiected  with  its  ipecial 
flame,  which  ia  pictured  in  a  long,  narrow,  square  rotating  miiror.  If  a  tniiiiig- 
fork,  OTi,  be  toouded,  only  the  flame  uTt  is  aflected,  and  so  on  with  each  tmiing- 


EaeDig'a  apparatus  for  uudyting  a  compound  tone  with  the  fundamental 
tone,  UT]  (Koenig). 

fork  of  the  harmonic  aeriea.     Suppose  a  oorapoand  note  coutuning  the  fimda- 
mental  tone,  ctj,  and  it*  harmoDtcs  be  sounded,  then  the  flame  of  utj,  and  thoaa 
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oi  the  other  hannoniee  in  the  note  ue  also  affected,  so  that  the  tone  can  be 
analysed  optieally.    The  same  may  be  done  with  the  vowels.] 


416.  Action  of  the  Labyrinth  during  Hearing. 

If  we  ask  what  r61e  the  ear  plays  in  the  perception  of  the  quality  of 
sounds,  then  we  must  assume  that  just  as  with  the  help  of  resonators, 
a  musical  note  can  be  resolred  into  its  fundamental  tone  and  orer- 
tones,  so  the  ear  is  capable  of  performing  such  an  analysis  The  ear 
resolves  the  complicated  wave-f onus  of  musical  tones  into  their  com- 
ponents. These  components  it  perceives  as  tones  hannonious  with 
each  other;  with  marked  attention  each  is  perceived  singly,  so  that  the 
ear  distinguishes  as  different  tone-colours  only  different  combinations 
of  these  simple  tone-sensation&  The  resolution  of  complex  vibrations 
due  to  quality  into  simple  pendulum*like  vibrations  is  a  characteristic 
function  of  the  ear.  What  apparatus  in  the  ear  is  capable  of  doing 
this )  If  we  sing  vigorously — e.^.,  the  musical  vowel  A  on  a  definite 
note,  say  b  ^ — against  the  strings  of  an  open  pianoforte  while  the  damper 
is  raised,  then  we  cause  all  those  strings,  and  ordy  those,  to  vibrate 
sympathetically,  which  are  contained  in  the  vowel  so  sung.  We  must, 
therefore,  assume  that  an  analogous  sympathetic  apparatus  occurs  in 
the  ear,  which  is  tuned,  as  it  were,  for  different  pitches,  and  which  will 
vibrate  sympathetically  like  the  strings  of  a  pianoforte.  *'  If  we  could 
so  connect  every  string  of  a  piano  with  a  nerve-fibre  that  the  nerve- 
fibre  would  be  excited  and  perceived  as  often  as  the  string  vibrated, 
then,  as  is  actuaUy  the  case  in  the  ear,  every  musical  tone  which 
affected  the  instrument,  would  excite  a  series  of  sensations  exactly 
corresponding  to  the  pendulum-like  vibrations  into  which  the  original 
movements  of  the  air  can  be  resolved;  and  thus  the  existence  of  each 
individual  over-tone  would  be  exactly  perceived,  as  is  actually  the  case 
mth  the  ear.  The  perception  of  tones  of  different  pitch  would,  under 
these  circumstances,  depend  upon  different  nerve-fibres,  and  hence 
would  occur  quite  independently  of  each  other.  Microscopic  investi- 
gation shows  that  there  are  somewhat  similar  structures  in  the  ear. 
The  free  ends  of  all  the  nerve-fibres  are  connected  with  small  elastic 
particles,  which  we  must  assume  are  set  into  sympathetic  vibration  by 
the  sound-waves  "  (v.  Helmholtz). 

Resolution  by  the  Cochlea.^Formerly  v.  Helmholtz  considered  the 
rods  of  Corti  to  be  the  apparatus  that  vibrated  and  stimulated  the 
terminations  of  the  nerves.  But,  as  birds  and  amphibians,  which 
certainly  can  distinguish  musical  tones,  have  no  rods  (Hasse),  the 
sireiched  radial  fibres  of  the  membrana  basUaris,  on  which  the  organ  of 
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Corti  is  placed,  and  which  are  shortest  in  the  first  tnm  of  the  cochlea, 
becoming  longer  towards  the  apex  of  the  cochlea,  are  now  regarded  as 
the  vibratiDg  threads  (Hensen).  Thus,  a  string-like  fibre  of  the 
membrana  basilaris,  which  is  capable  of  vibrating,  corresponds  to  erery 
possible  simple  tone.  According  to  Hensen,  the  hairs  of  the  labyrinth, 
which  are  of  unequal  length,  may  serve  this  purpose.  Destruction 
of  the  apex  of  the  cochlea  causes  deafness  to  deeper  tones  (Baginsky). 

[Hensen's  Experiments. — ^That  the  hairs  in  connection  with  the  hair- 
cells  vibrate  to  a  particular  note,  is  also  rendered  probable  by  the 
experiments  of  Hensen  on  the  crustacean  Mysis.  He  found  that  certain 
of  the  minute  hairs  (auditory  hairs)  in  the  auditory  organ  of  this 
animal,  situate  at  the  base  of  the  antennas,  vibrated  when  certain  tones 
were  sounded  on  a  keyed  horn.  The  movements  of  the  hairs  were 
observed  by  a  low-power  microscope.  In  mammals,  however,  there  is 
a  difficulty,  as  the  hairs  attached  to  the  cells  appear  to  be  all  about  the 
same  length.  We  must  not  forget  that  the  perception  of  sound  is  a 
mental  act] 

This  assumption  also  explains  the  perception  of  noises. 

Of  noises  in  the  strictly  physical  sense,  it  is  assumed  that  they,  like 
single  impulses,  are  perceived  by  the  aid  of  the  saccules  and  the 
ampullsB. 

It  is  assumed  that  the  saccules  and  ampullae  are  concerned  in  the 
general  perception  of  hearing,  ie.,  of  shocks  commxmicated  to  the 
auditory  nerve  (by  impulses  and  noises) ;  while  by  the  cochlea  we  estimate 
the  pitch  and  depth  of  the  vibrations,  and  the  musical  character  of  the 
vibrations  produced  by  tones. 

The  relation  of  the  semicircular  canak  to  the  equilibrium  of  the 
body  is  referred  to  in  §  350. 

417.  Simultaneous  Action  of  two  Tones— Harmony 
—Beats— Discords— Differential  Tones. 

When  iiDo  tones  of  different  pitch  fall  upon  the  ear  simultaneously, 
they  cause  different  sensations  according  to  the  difference  in  pitch. 

1.  Consonance. — ^If  the  number  of  vibrations  of  the  two  tones  is  in 
the  ratio  of  simple  multiples,  as  1  :  2  :  3  :  4,  so  that  when  the  low  note 
makes  one  vibration,  the  higher  one  makes  2:3  or  4  . . .  .  then  we 
experience  a  sensation  of  complete  harmony  or  concord. 

2.  Interference. — ^If,  however,  the  two  tones  do  not  stand  to  each 
other  in  the  relation  of  simple  multiples,  then  when  both  tones  are 
sounded  simultaneously,  interference  takes  place.  The  hollows  of  the  one 
sound-wave  can  no  longer  coincide  with  the  hollows  of  the  other,  and 
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the  crests  with  the  crests,  but,  corresponding  to  the  difference  of  the 
number  of  vibrations  of  both  curves,  sometimes  a  wave-crest  must 
coincide  with  a  wave-hollow.  Hence,  when  wave-crest  meets  wave- 
crest,  there  must  be  an  increase  in  the  strength  of  the  tone,  and  when 
a  hollow  coincides  with  a  crest,  the  sound  must  be  weakened.  Thus, 
we  obtain  the  impression  of  those  variations  in  tone  intensity,  which 
have  been  called  «  beats." 

The  nmnber  of  vibrationa  ia  of  oonne  always  equal  to  the  difference  of  the 
number  of  vibrationB  of  both  tones.  The  beats  are  perceived  most  distinctly  when 
two  organ  tones  of  low  pitch  are  sounded  together  in  unison,  but  slightly  out  of 
tune.  Suppose  we  take  two  organ-pipes  with  33  vibrations  per  second,  and  so 
alter  one  pipe  that  it  gives  34  vibrations  per  second,  then  one  distinct  beat  will  be 
heard  every  second.  The  beats  are  heard  more  frequently,  the  greater  the 
difference  between  the  number  of  vibrations  of  the  two  tones. 

Successive  Beats. — ^The  beats,  however,  produce  very  different  im- 
pressions upon  the  ear  according  to  the  rapidity  with  which  they 
succeed  each  other. 

1.  Isolated  Beats. — When  they  occur  at  long  intervals,  we  may 
perceive  them  as  completely  isolated,  but  single  intensifications  of  the 
sound  with  subsequent  enfeeblement,  so  that  they  give  rise  to  the 
impression  of  isolated  beats, 

2.  Dissonance. — ^When  the  beats  occur  more  rapidly,  they  cause  a 
continuous  disagreeable  whirring  impression,  which  is  spoken  of  as 
dissonance,  or  an  unharmonious  sensation.  The  greatest  degree  of 
unpleasant,  painful  dissonance  occurs  when  there  are  33  beats  per 
second. 

3.  Harmony. — If  the  beats  take  place  more  rapidly  than  33  times 
per  second,  the  sensation  of  dissonance  gradually  diminishes,  and  it 
does  so  the  more  rapidly  the  beats  occur.  The  sensation  passes 
gradually  from  moderately  inharmonious  relations  (which  in  music 
have  to  be  resolved  by  certain  laws)  towards  consonance  or  harmony. 
The  tone  relations  are  successively  the  Second,  Seventh,  Minor  Third, 
Minor  Sixth,  Major  Third,  Major  Sixth,  Fourth  and  Fifth 

4.  Action  of  tiie  Musical  Tones  (Kldnge), — ^Two  musical  "  klangs," 
or  compound  tones,  falling  on  the  ear  simultaneously,  produce  a  result 
similar  to  that  of  two  simple  tones;  but  in  this  case  we  have  to 
deal  not  only  with  the  two  fundamental  tones,  but  also  with  the 
over>tone&  Hence,  the  degree  of  dissonance  of  two  musical  tones  is 
the  more  pronounced,  the  more  the  fundamental  tones  and  the  over-tones 
(and  also  the  "differential ''  tones)  produce  beats  which  number  about 
33  per  second. 

5.  Differential  Tones. — ^Lastly,  two  '^klangs,"  or  two  simple  musical 
tones  sounding  simultaneously,  may  give  rise  to  new  tones  when  they 
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are  uniformly  and  simultaneously  sounding  in  corresponding  intensify. 
We  can  hear,  if  we  listen  attentively,  a  third  new  tone,  whose  number 
of  vibrations  corresponds  to  the  difference  between  the  two  primary 
tones,  and  hence  it  is  caUed  a  ^^differential  tone.** 

Summational  Tones. — It  was  formerly  snpposed  that  new  tones  could  arise 
from  the  summation  or  addUion  of  their  number  of  vibrationSy  bat  it  has  been  shown 
that  these  tones  are  in  reality  differential  tones  of  a  high  order  ( Appaan,  Plneyer)'. 


418.  Perception  of  Sound— Fatigue  of  the  Ear- 
Objective  and  Subjective  Audition— After  Sensation. 

Objective  Anditory  Perceptions. — ^When  the  stimulation  of  the  ter- 
minations of  the  nerves  of  the  labyrinth  is  referred  to  the  outer  world, 
then  we  have  objective  auditory  perceptions.  Such  stimulations  are  only 
referred  to  the  outer  world,  as  are  conveyed  to  the  membrana  tympani 
by  vibrations  of  the  air,  as  is  shown  by  the  fact  that  if  the  head  be 
immersed  in  water,  and  the  auditory  meatuaes  be  Med  thereby,  we 
hear  all  the  vibrations  as  if  they  occurred  within  our  head  itself 
(Ed.  Weber),  and  the  same  is  the  case  with  our  own  voice,  as  well  as 
with  the  sound-waves  conducted  through  the  bones  of  the  head,  when 
both  ears  are  fbmly  plugged. 

Perception  of  Direction. — As  to  the  perception  of  the  direction 
whence  sound  comes,  we  obtain  some  information  from  the  relation  of 
both  meatuses  to  the  source  of  the  sound,  especially  if  we  turn  tha 
head  in  the  supposed  direction  of  the  sound.  We  distinguish  the 
direction  from  which  noises  mixed  with  musical  tones  come  more 
easily  than  that  of  tones  (£ayleigh).  When  both  ears  are  stimulated 
equally,  we  refer  the  source  of  the  sound  to  the  middle  line  ant^orly, 
but  when  one  ear  is  stimulated  more  strongly  than  the  other,  we  refer 
the  source  of  the  sound  more  to  one  side  (Kessel).  The  position  of 
the  ear-muscles,  which  perhaps  act  like  an  ear-funnel,  is  important. 
According  to  Ed.  Weber,  it  is  more  difficult  to  determine  the  direction 
of  sound  when  the  ears  are  firmly  fixed  to  the  side  of  the  head. 
Further,  if  we  place  the  hollow  of  both  hands  in  front  of  the  ear,  as  to 
form  an  open  cavity  behind  them,  we  are  apt  to  suppose  that  a 
sounding  body  placed  in  front  is  behind  us. 

The  distance  of  a  sound  is  judged  of  partly  by  the  intensity  or 
loudness  of  the  sound,  such  as  we  have  learned  to  estimate  from  sound 
at  a  known  distance.  But  still  we  are  subject  to  many  miaconeepr 
tions  in  this  respect. 

AoMDgst  snljectiTe  auditory  sensatiQiui  are  the  ojfier  vShnHmUf  especially  of 

intenao  Mid  oontinnod  Drasical  tones ;  the  Unmtut  aurmn  whioh  often  aoor^ ^^ 
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abnomud  moTements  of  the  blood  in  the  ear  may  be  due  to  a  mechanical  stimnla- 
tion  of  the  auditory  fibres,  perhaps  by  the  blood-stream  (Brenner). 

BntOtical  pcrceptionB*  which  are  due  to  canses  within  the  ear  itself,  are  snch 
as  hearing  the  puUe-heaU  in  the  surrounding  arteries,  and  the  rushing  sound  of 
the  blood,  which  is  especially  strong  when  there  is  increased  resonance  of  the  ear, 
(as  when  the  meatus  or  t3rinpanum  is  closed,  or  when  fluid  accumulates  in  the 
latter),  during  increased  cardiac  action,  or  in  hypenesthesia  of  the  auditory  nerre 
(Brenner).  Sometimes  there  is  a  cracking  noise  in  the  maxillary  articulation,  the 
noise  produced  by  traction  of  the  muscles  on  the  Eustachian  tube  (p.  1055),  and 
when  air  is  forced  into  the  latter,  or  when  the  membrana  tympani  is  forced  out- 
wards or  inwards  (§  350). 

FatigaO- — The  ear  after  a  time  becomes  fatigued,  either  for  one  tone  or  for  a 
series  of  tones  which  hare  acted  on  it,  while  the  perceptive  activity  is  uot  affected 
for  other  tones.  Complete  recovery,  however,  takes  place  in  a  few  seconda 
(Urbantschitsch). 

Auditory  After  SonSfttions. — l-  Those  that  correspond  to  potUwe  after 
sensations,  where  the  after  sensation  is  so  closely  connected  with  the  original  tone 
that  both  appear  to  be  continuous.  2.  There  are  some  after  sensations,  where  a 
pause  intervenes  between  the  end  of  the  objective  and  the  beginning  of  the  subjec- 
tive tone  (Urbantschitsch).  3.  There  seems  also  to  be  a  form  oorresponding  to 
negative  after  images. 

In  some  persons,  the  perception  of  a  tone  is  accompanied  by  the  occurrence  of 
subjective  colours,  or  the  sensation  of  light,  e,g.,  the  sound  of  a  trumpet,  acoom- 
paided  by  the  sensation  of  yellow.  More  seldom  are  visual  sensations  of  this  kind 
observed  when  the  nerves  of  taste,  smell,  or  touch  are  excited  (Kussbaumer, 
Lehmann  and  Bleuler).  It  is  more  common  to  find  that  an  intense  sharp  sound  is 
accompanied  by  an  associated  sensation  of  the  sensory  nerves.  Thus,  many  people 
experience  a  cold  shudder  when  a  slate  pencil  is  drawn  in  a  peculiar  manner  acroea 
a  date. 

[Colour  ASBOCiationS. — Colour  is  in  some  persons  instantaneously  associated 
with  sound,  and  Galton  remarks  that  it  is  rather  common  in  children,  although 
in  an  ill-developed  degree,  and  the  tendency  seems  to  be  very  hereditary.  Some- 
times a  particular  colour  is  associated  with  a  particular  letter,  vowel  sounda 
particularly  evoking  colours.  Galton  has  given  coloured  representationB  of  these 
oolour  associations,  and  he  points  out  their  relation  to  what  he  calls  manber-/orm»t 
or  the  association  of  certain  forms  with  certain  nnmbera] 

An  auditory  impulse  communicated  to  one  ear  at  the  same  time  often  canses  an 
increase  in  the  auditory  function  of  the  other  ear,  in  consequence  of  the  stimulation 
of  the  auditory  centres  of  both  sides  (Urbantschitsch,  Eitelberg). 

Other  StimulL — The  auditory  apparatus,  besides  being  excited  by  sound-waves, 
IS  also  affected  by  heterdogous  stimuli  It  is  stimulated  mechanicaUif  by  a  sudden 
blow  on  the  ear.  The  effects  of  deetrieUy  and  pathological  oooditioiis  are  referred 
toln§350. 


419.  Comparative— Historical. 

The  lowest  flihoSt  the  cyclostomata  (Petromyzon),  have  a  saccule  provided  with 
auditory  hairs  containing  otoliths,  and  communicating  with  two  semicircular 
canals,  while  the  myxinoids  have  only  one  aemioiroular  canaL  Most  of  the 
other  fishes,  however,  have  a  utricle  communicating  with  three  semicircular  canals. 
In  the  carp,  prolongafcioiis  of  the  labyrinth  communicate  with  the  swimming 
bladder.  In  amphibiftf  the  structure  of  the  labyrinth  is  somewhat  like  that  in 
£shea,  but  the  cochlea  is  not  typically  developed.    Most  amphibia,  except  the 
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frog,  are  devoid  of  a  membrana  tympanL  Only  the  fenestra  ovalis  (not  the 
rotunda)  exists,  and  it  is  connected  in  the  frog  by  three  ossicles  with  the  freely- 
exposed  membrana  tympanL  Amongst  reptiloSt  the  appendix  to  the  saocnle, 
corresponding  to  the  cochlea,  begins  to  be  prominent.  In  the  tortoise  it  is  saccolar, 
but  in  the  crocodiles  it  is  longer,  and  somewhat  curved  and  dilated  at  the  end. 
In  all  reptiles  the  fenestra  rotunda  is  developed,  whereby  the  cochlea  is  connected 
with  the  labyrinth.  In  crocodiles  and  birds  the  cochlea  is  divided  into  a  scala 
vestibuli  and  S.  tympani  Snakes  are  devoid  of  a  tympanic  cavity.  In  birds,  both 
saccules  {Fig.  441,  IV.,  U  S')  are  united  (Hasse),  the  canal  of  the  cochlea  (U  C), 
which  is  connected  by  means  of  a  line  tube  (C),  with  the  saccule,  is  larger,  and 
shows  indications  of  a  spiral  arrangement,  and  has  a  flask-like  blind  end)  the 
lagena  (L).  The  auditory  ossicles  in  reptiles  and  birds  are  reduced  to  one 
colunm-like  rod,  corresponding  to  the  stapes,  and  called  the  columella.  The 
lowest  mammals  (Echidna)  have  structures  very  like  those  of  birds,  while  the 
higher  mammals  have  the  same  type  as  in  man  (Fig.  441,  III)*  The  Eustachian 
tube  is  always  open  in  the  whale. 

Amongst  inyertebrata,  the  auditory  organ  is  very  simple  in  medusn  and 
mollusca.  It  is  merely  a  bladder  filled  with  fluid,  with  the  auditory  nerves  pro- 
vided with  ganglia  in  its  walls.  Hair-ceUs  occur  in  the  interior,  provided  with 
one  or  more  otoliths.  Hensen  observed  that  in  some  of  the  annuloea,  when  sound 
was  conducted  into  the  water,  some  of  the  auditory  bristles  vibrated,  being 
adapted  for  special  tones.  In  cephalopoda,  we  distinguish  the  first  differentiation 
into  a  membranous  and  cartilaginous  labyrinth. 

Hutorical, — Empedodes  (473  b.c.)  referred  auditory  impressions  to  the  cochlea. 
The  Hippocratic  School  waiS  acquainted  with  the  tympanum,  and  Aristotle 
(384  B.C.)  with  the  Eustachian  tube.  Vesalius  (1661)  described  the  tensor 
tympani ;  Cardanus  (1560)  the  conduction  through  the  bones  of  the  head ;  while 
Fallopius  (1561)  described  the  vestibule,  the  semicircular  canals,  chorda  tympani, 
the  two  feneitrae,  the  <sochlea,  and  the  aqueducts  Eustachins  (t  1570)  described  the 
modiolus,  the  lamina  spiralis  of  the  cochlea,  the  Eustachian  tube,  as  well  as  the 
muscles  of  the  ear ;  Plater  the  ampuUas  (1583);  Casseri  (1600)  the  lamina  spiralis 
membranacea.  Sylvius  (1667)  discovered  the  ossicle  called  by  his  name;  Vesling 
(1641)  the  stapedius.  Mersenne  (1618)  was  acquainted  with  over-tones ;  Gassendus 
(1658)  experimented  on  the  conduction  of  sound.  Acoustics  was  greatly  advanced 
by  the  work  of  Chladni  (1802).  The  most  recent  and  largest  work  on  the  ear 
in  vertebrates  is  by  G.  Retzius  (1881-84). 


The  Organ  of  Smell. 


420.  Structure  of  the  Organ  of  Smell. 

BegiO  OlfitCtoria.— The  area  of  the  distribution  of  the  olfactory  nerve  is  the 
regio  o^fadona,  which  embraces  the  upper  part  of  the  septum,  the  upper 
(Fig.  451,  Ca),  Mid  part  of  the  middle  (Cm)  turbinated  bone.  All  the  remainder 
of  the  nasal  cavity  is  called  the  regh  retpiratoria.  These  two  regions  are  dis- 
tingnished  as  follows: — 1.  The  regio  olfactoria  has  a  thicker  mucous  membrane. 
2.  It  it  covered  by  a  single  layer  of  cylindrical  epithelium  (Fig.  460,  E),  the  oeUi 
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being  often  branched  at  their  lower  ends,  and  oootMn  a  jellow 
{ngmeot.     3.  It  is  coloored  by  this  pigment,  and  is  thereby  dlatingoiilMd 
nncoloured  wgio  rMjuTatoiia,  which  is  mvered  by  ciliated     -'^"^-'^ 
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Fig.  450. 
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nan) ;   n,  from  the 
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Fig.  451. 
Nanl  and  phatyngo-naul  caritiea— L,  levator  eIev«F 
tion;   I'.i.p,,  plica  ealpingo-palatioa j   C«,  Om, 
Ci,  the  three  turbinated  bonea  (Urbantachitich). 


ooatuna  pecDlior  tubular  glanda  {Bourman'i  glamU),  while  the  rett  of  the  naoMM 
meabrane  containji  munerons  uinoni  lerou*  glanda  (Heidenhain).  6.  Laatly,  the 
Te)po  olfactoria  embraces  the  end^organa  of  the  olfactory  nerve  (M.  Sohulbu). 
Tbe  long  narrow  ol/artory  eeiU  (N)  are  diatiibuted  between  the  ordinary  eyiindrioal 
epithelinm  (E)  oovaring  the  regie  olfactoria.  The  body  of  the  oell  la  ijundle- 
ahaped,  with  a  large  Ducleui  containing  nacleoU,  and  it  eends  apwaidi  between 
tbe  cylindrical  cells  a  narrow  (OS  to  1*6 /•)  smooth  rod,  quite  up  to  the  fr«e 
earface  of  the  mncoui  membrane.  In  the  frog  (n),  the  free  end  carries  delicate 
projecting  hairs  or  bristles.  In  the  deeper  part  of  the  mucous  membrane,  the 
olfactory  cells  pass  into,  and  become  continuous  with  varicose  fine  nerre-fibres. 
which  pass  into  the  olfactory  nerve  (9  321,  I.  I).  According  to  C.  K.  HoSmann 
and  Exner.  after  section  of  the  olfactory  nerve,  tbe  specific  olfactory  end-organa 
become  changed  into  cylindrical  epithelium  (frog),  and  ia  warm-blooded  animals, 
they  undergo  fatty  degeneration,  even  on  the  15th  day.  V.  Brunn  found  a  homo- 
geneous limiting  membrane,  which  had  holes  in  it  tor  transmitting  the  processes  of 
the  olfaototy  cells  only. 


421.  Olfactory  Sensations. 

Olfactory  sensations  are  produced  t^  the  action  of  gaseous,  odorous 
substances  being  brought  into  direct  contact  with  the  olfactory  cells, 
during  the  act  of  uuptrofion.  The  current  of  air  ia  divided  bj  the 
aoterior  projection  of  the  lowest  turbinated  hoo»,  so  that  a  part  above 
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the  latter  is  conducted  to  the  regio  olfactoria.  Odorous  bodies  taken 
into  the  mouth  and  then  expired  through  the  posterior  nares  are  said 
not  to  be  smelt  (Bidder). 

Baring  inspiration,  the  air  streams  along  close  to  the  septam,  while  little  of  it 
passes  through  the  nasal  passages,  especially  the  saperior  (Paulsen  and  Exner). 

The  first  moment  of  contact  between  the  odorous  body  and  the 
olfactory  mucous  membrane  appears  to  be  the  time  when  the  sensation 
takes  place,  as,  when  we  wish  to  obtain  a  more  exact  perception,  we 
sniff  several  times,  t.e.,  a  series  of  rapid  inspirations  are  taken,  the 
mouth  being  kept  closed.  During  snifSng,  the  air  within  the  nasal 
cavities  is  rarefied,  and  as  air  rushes  in  to  equilibrate  the  pressure,  the 
air,  laden  with  odorous  particles,  streams  over  the  olfactory  region. 
Odorous  fluids  are  said  not  to  give  rise  to  the  sensation  of  smell  when 
they  are  brought  into  direct  contact  with  the  olfactory  mucous  mem- 
brane, as  by  pouring  eau  de  Cologne  into  the  nostrils  (Tourtual,  1827; 
K  H.  Weber,  1847).  This  is,  perhaps,  due  to  the  action  of  the  fluid 
on  the  olfEU^ry  ceUs,  paralysing  them,  perhaps  owing  to  imbibition, 
shrivelling,  or  chemical  action.  Even  water  alone  temporarily  affects 
the  cells.  We  know  practically  nothing  about  the  nature  of  the  action 
of  odorous  bodies,  but  many  odorous  vapours  have  a  considerable  power 
of  absorbing  heat  (Tyndall). 

The  intensity  of  the  sensation  depends  on — 1.  The  size  of  the 
olfactory  surface,  as  animals  with  a  very  keen  sense  of  smell  are  found 
to  have  complex  turbinated  bones  covered  by  the  olfactory  mucous 
membrane.  2.  The  concentration  of  the  odorous  mixture  of  the  air. 
Still,  some  substances  may  be  attenuated  enormously  (e.^.,  musk  to  the 
two-millionth  of  a  milligram),  and  still  be  smelt  3.  The  frequency 
of  the  conduction  of  the  vapour  to  the  olfactory  cells  (sniffing). 

[The  aeuteness  of  the  sense  of  smell  is  greatly  improved  by  practice. 
A  boy  named  James  Mitchell,  who  was  deaf,  dumb,  and  blind,  used  his 
sense  of  smeU,  like  a  dog,  to  distinguish  persons  and  tliing&] 

EUctfical,  chemicalf  or  thermal  stimuli  do  not  give  rise  to  olfactory  sensations. 
[Althaus  found  that  electrical  stimulation  of  the  olfactory  mucous  membrane  gave 
rise  to  the  sensation  of  the  smeU  of  phosphorus.] 

The  variationB  are  referred  to  in  §  343.  If  the  two  nostrils  are  filled  with 
different  odorous  substances,  there  is  no  mixture  of  the  odours,  but  we  smell 
sometimes  the  one  and  sometimes  the  other  (Valentin).  The  sense  of  smell,  how- 
ewr,  is  very  soon  blunted,  or  even  paralysed.  Morphia,  when  mixed  with  a  little 
sugar  and  taken  as  snufiT,  paralyses  the  ol&otory  apparatus,  while  strychnin  makes 
it  more  sensitive  (liohtenfels  and  FrQhlich). 

The  sensory  nerves  of  the  nasal  mucous  membrane  (§  347,  IL),  [t.e.  those 
supplied  from  the  fifth  cranial  nerve],  are  stimulated  by  irritating  vapours,  and 
may  e?en  canae  pain,  e,g,,  ammonia  and  acetic  acid*  In  a  very  dUuted  condition, 
they  may  even  act  on  the  olfactory  nerves.    The  nose  is  useful  as  a  sentinel  for 
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gnarding  agaiiut  the  introduction  of  diugreeable  odours  ind  foods.    The  sense  of 
smell  is  aided  by  the  sense  of  taste,  and  canversely. 

[FlaTOnr  depends  on  the  sense  of  smell,  and,  to  test  it,  use  sabetances,  solid  or 
fluid,  with  an  aroma  or  bouquet,  such  as  wine  or  roast  beef.] 

[Method  of  Teiting. — ^In  doing  so,  avoid  the  use  of  pungent  subetanoes  like 
ammonia^  which  excite  the  fifth  nerve.  Use  some  of  the  essential  volatile  oils, 
such  as  cloves,  bergamot,  and  the  fcetid  gum  resins,  or  musk  and  camphor.  Elec- 
trical stimuli  are  not  available.] 

Ck>mparatiTe.~In  the  lowest  yertebrata,  pits,  or  depressions  provided  with 
an  olfiustory  nerve,  represent  the  simplest  olfftotory  organ.  Amphioxus  and  the 
cydostomata  have  only  one  olfactory  {At;  all  other  vertebrates  have  two.  In 
some  animals  (frog),  the  nose  communicates  with  the  mouth  by  ducts.  The 
ol&otory  nerve  is  absent  io  the  whale. 

Historical.— Ruf us  Ephesius  (97  A.D.)  described  the  passage  of  the  olfactory 
nerve  through  the  ethmoid  bone.  Rudius  (1600)  dissected  the  body  of  a  man  with 
congenital  anosmia,  in  whom  the  olfactory  nerves  were  absent.  Magendie 
originally  supposed  that  the  nasal  branch  of  the  fifth  was  the  nerve  of  smell,  a 
view  succesirfnlly  combated  by  Eschricht 


The  Organ  of  Taste. 


422.  Position  and  Structure  of  the  Gustatory 

Organs. 

Onitatorj  Region. — ^There  is  considerable  difference  of  opinion  as 
to  what  regions  of  the  mouth  are  endowed  with  taste : — 1.  The  root 
of  the  tongne  in  the  neighbourhood  of  the  circumvallate  papill»,  the 
area  of  distribution  of  the  glosso-pharyngeal  nerve,  is  undoubtedly 
endowed  with  taste  (§  351).  2.  The  tip  and  margins  of  the  tongue  are 
gustatory,  but  there  are  very  considerable  variations  (Urbantschitsch). 
3.  The  lateral  part  of  the  soft  palate  and  the  glosso-palatine  arch 
are  endowed  with  taste  from  the  glosso-pharyngeal  nerve.  4. 
It  is  uncertain  whether  the  hard  palate  (Drielsma)  and  the  entrance  to 
the  larynx  are  endowed  with  taste.  The  middle  of  the  tongue  is  not 
gustatory. 

Taste-bulbs.— The  end-organs  of  the  gustatory  nerves  are  the  taste-bulbs 
discovered  by  Schwalbe  and  Lov^n  (1867).  They  occur  on  the  lateral  surfiMes  of 
the  drcumvaUate  papille  (Fig.  452, 1),  also  upon  the  opposite  side,  K,  of  the  fossa 
or  capillary  slit,  RR,  which  surrounds  the  central  eminence  or  papilla;  they 
occur  more  rarely  on  the  surface.  They  also  occur  on  the  fungiform  papillaa, 
in  the  papill»  of  the  soft  palate  and  uvula  (A.  Hoffman),  on  the  under  surfkoe  of 
the  epiglottis,  the  upper  part  of  the  posterior  sur&ce  of  the  epiglottis,  and  the 


TASTB-BULBa  1081 

inner  lide  of  the  UTtsnoid  cartiUgM  (VenwD,  Davia),   tnd  on  tlia  TOOftl  cordi 
(SinMDomkjr).    MU17  bods  or  bolbs  diwppemr  in  old  age. 

Stmctnre-— Ths  tarte-bolbe  are  81  ^  high,  and  33  n  thiok,  aie  barrel-ihaped  and 
embedded  in  the  thiok  ttratified  sqaamoos  epithelium  of  the  tongae.  Each  bulb 
^onaiiti  of  a  sariea  of  lancet-ihaped,  bent,  nucleated,  onter,  lupportittg  or  prottetive 
cella,  artaoged  like  the  atarea  of  a  barrel  (Fig.  4S2,  II,  D,  iaoUted  in  m,  d). 
Tbey  ale  so  arranged  aa  to  leave  a  amall  opening,  or  the  " guilatory  port"  at  the 


Fig.4GS. 
I,  Tnmarerae  Motion  of  a  ciranrnTklUte  papilla;  W,  thep^nlla;  ei,  oi,  the  waU 
infection;  R,  H,  the circnlar alit  or  fbaaa;  K,  K,  the  taite-bolbeinpoBtioti; 
N,  N,  the  nerres.  II,  Isolated  taate-bnlb;  D,  supporting  or  protective  oeUa; 
K,  under  end ;  E,  free  end,  open,  with  the  projecting  aplcea  of  the  taste-oelli, 
UI,  laokted  protectiTe  cell  (d)  with  a  tute-cell  [<]. 

free  end  of  the  bnlb.  Sorronnded  by  these  cella  and  lying  in  the  axis  of  the  bud 
are  1-10  gnstetory  cells  (II,  E],  aome  of  which  are  provided  witli  a  delicate 
proccM  (III,  0  at  their  free  enda,  while  their  lower  fixed  enda  aand  out  baaal 
proceaaea,  which  became  o«otinnoa«  with  the  terminatioQ*  of  the  uervea  of  taatc^ 
which  have  become  non-medoUated.  After  aection  of  the  glooao-phaiyngeal,  the 
taate-bada  d^ener*te,  while  the  protective  cella  become  changed  into  ordinary 
epithelial  cella  wiUiin  four  raonthi  (v.  Vintaofagaa  and  EOnigiohmled).  Very 
aimilar  alruoturet  were  fonnd  by  Leydig  in  the  akin  of  freih-water  flahea.     The 


423.  Gustatory  Sensations. 

TuiatiM. — There  ue  four  different  gustatory  qaalities,  the  seim- 
tiooB  of 

l.Sweel. 
2,BitUr. 

i.  Saline. 
Add  and  saUoe  subataiices  st  the  same  time  also  Btinmlato  the  sensory 
Deirea  of  the  tongne,  bat  when  greatly  diluted,  they  only  excite  the 
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ebdrOggjBSDB  of  tiie  specific  neires  of  taste.    Peifaaps  there  are  special 
nerve-fibres  for  each  different  gustatory  quality  (v.  Vintschgau). 

Conditions. — Sapid  substances,  in  order  that  they  may  be  tasted, 
zeqnire  the  following  conditions : — They  must  be  dissolved  in  the  fluid 
of  the  mouth,  especially  substances  that  are  solid  or  gaseous.  The 
intensitj  of  the  gustatory  sensation  depends  on : — 1.  The  size  of  the 
surface  acted  on.  Sensation  is  favoured  by  rubbing  in  the  substance 
between  the  papill®,  in  fact,  this  is  illustrated  in  the  rubbing  move- 
ments of  the  tongue  during  mastication  (§  354).  2.  The  canctnJtraiion 
of  the  sapid  substance  is  of  great  importance.  Valentin  found  that 
the  following  series  of  substances  ceased  to  be  tasted  in  the  order  here 
stated,  as  they  were  gradually  diluted — syrup,  sugar,  common  salt» 
aloes,  (jaimne,  sulphuric  acid.  Quinine  can  be  diluted  20  times  more 
than  common  salt  and  still  be  tasted  (Camerer).  3.  The  tkne 
which  elapses  between  the  application  of  the  sapid  substance  and  the 
production  of  the  sensation  varies  with  different  substances.  Saline 
substances  are  tasted  most  rapidly  (after  0*17  second,  according  to 
T,  Vintschgau),  then  sweet,  acid  and  bitter  (quinine  after  0*258  second, 
V.  Vintschgau).  This  even  occurs  with  a  mixture  of  these  substances 
(Schirmer).  The  last-named  substances  produce  the  longest  ^  after- 
iasU'^  4.  The  delicacy  of  the  sense  of  taste  is  partly  cougenital,  but  it 
can  be  greatly  improved  by  practice.  If  a  person  uses  the  same  sapid 
substance,  or  a  nearly  related  one,  or  even  any  very  intensely  sapid 
substance,  the  sense  of  taste  is  soon  affected,  and  it  becomes  impossible 
to  give  a  correct  judgment  as  to  the  taste  of  the  sapid  body.  5.  Taste 
18  greatly  aided  by  the  sense  of.  smdl^  and  in  fact,  we  often  confound 
taste  with  smeU ;  thus,  vaniUa,  garlic  and  assafoetida  only  affect  the 
organ  of  smell,  while  chloroform  only  excites  taste.  [The  combined 
action  of  taste  and  smell  in  some  cases  gives  rise  to  flavour  (p.  1080).] 
The  eye  even  may  aid  the  determination,  as  in  the  experiment  where 
in  rapidly  tasting  red  and  white  wine  one  after  the  other,  when  the 
eyes  are  covered,  we  soon  become  unable  to  distinguish  between  the 
one  and  the  other.  6.  The  most  advantageous  temperaiwrt  for  taste 
is  between  10-35''C.;  hot  and  cold  water  temporarily  paralyse  taste. 

Action  of  the  Electrical  Current.— The  constant  current^  when  applied  to 
^llw  tongue,  excites,  both  during  its  passage,  and  when  it  is  opened  or  closed,  a 
sensation  of  acidity  at  the  +  pole,  and  at  the  -  pole  an  alkaline  taste,  or,  more 
correctly,  a  harsh  burning  sensation  (Sulzer,  1752).  This  is  not  due  to  the  action 
of  the  electrolytes  of  the  fluid  in  the  mouth,  for,  even  when  the  tongue  is  moistened 
with  an  acid  fluid,  the  alkaline  sensation  is  experienced  at  the  -  pole  (Volta). 
We  cannot,  however,  set  aside  the  supposition  that  perhaps  electrolytes,  or 
decomposition  products,  may  be  formed  in  the  deeper  parts  and  excite  the 
gustatory  flbres.  Rapidly  interrupted  currents  do  not  excite  taste  (Griinhagen). 
'T.  Vintschgau,  who  has  only  incomplete  taste  on  the  tip  of  the  tongue,  finds  tiiat 
•^hen  the  Up  of  the  tongue  is  traTened  by  an  electrical  current,  there  is  never  a 
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gnstatory  seoBation,  but  always  a  distinct  tactile  one.  In  experimenta  on  Httnig- 
schmied,  who  is  possessed  of  normal  taste  in  the  tip  of  the  tongue,  there  was 
often  a  metallic  or  acid  taste  at  the  +  pole  on  the  tip  of  the  tongue,  while  at  the 
-  pole  taste  was  often  absent,  and  when  it  was  present,  it  was  almost  always 
alkaline,  and  acid  only  exceptionally.  After  interrupting  the  current,  there  was 
a  metallic  after-taste  with  both  directions  of  the  current 

[Testing  Taste. — ^Direct  the  person  to  put  out  his  tongue  and  close 
his  eyes,  and,  after  drying  the  tongue,  apply  the  sapid  substance  by 
means  of  a  glass  rod,  or  a  small  brush.  Try  to  confine  the  stimulus  as 
much  as  possible  to  one  place,  and  after  each  experiment  rinse  the 
mouth  with  water.  A  wine-taster  chews  an  olive  to  "clean  the 
palate,"  as  he  says.  For  testing  bUter  taste  use  a  solution  of  quinine 
or  quassia;  for  siceet,  sugar;  saline,  common  salt;  and  acid,  dilute  citno 
or  acetic  acid.     The  galvanic  current  may  also  be  used.] 

Pathological.— Diseases  of  the  tongue,  as  well  as  dryness  of  the  mouth  caused 
by  interference  with  the  salivary  secretion,  interfere  with  the  sense  of  taste. 
Subjective  gustatory  impressions  are  common  amongst  the  insane,  and  are  due 
to  some  central  cause,  perhaps  to  irritation  of  the  psychogeusic  centre  (§  378, 
IV.,  3).  After  poisoning  with  santonin,  a  bitter  taste  is  experienced,  while,  after 
the  subcutaneous  injection  of  morphia,  there  is  a  bitter  and  acid  taste.  The  terms 
hypergeusia,  hypogetuia,  and  ageusia  are  applied  to  the  increase,  diminution,  and 
abolition  of  the  sense  of  taste.  Many  tactile  impressions  on  the  tongue  are 
frequently  confounded  with  gustatory  sensations--«.(7.,  the  so-called  biting, 
cooling,  prickling,  sandy,  mealy,  astringent,  and  harsh  tastes. 

Comparative.— About  1,760  taste-bulbs  occur  on  the  circumvallate  papillaB  of 
the  ox.  The  term  papilla  follata  is  applied  to  a  large  folded  gustatory  organ 
placed  laterally  on  the  side  of  the  tongue,  especially  of  the  rabbit  (Rapp,  1832), 
and  which  in  man  is  represented  by  analogous  organs,  composed  of  longitudinal 
folds,  lying  in  the  fimbria  lingu©  on  each  side  of  the  posterior  part  of  the  tongue 
(Krause,  v.  Wyss).  Taste-bulbs  are  absent  in  reptiles  and  birds.  They  are 
numerous  in  the  mouth  of  the  tadpole  (F.  E.  Schultze),  while  the  tongue  of  the 
frog  is  covered  with  epithelium  resembling  gustatory  cells  (Billroth,  Axel  Key). 
The  goblet-shaped  organs  in  the  skin  of  fishes  and  tadpoles  have  a  structure 
similar  to  the  taste-bulbs,  and  may  perhaps  have  the  same  function.  There  are 
taste-bulbs  in  the  mouth  of  the  carp  and  ray. 

Historical.— Bellini  regarded  the  papilhe  as  the  organs  of  taste  (1711). 
Richerand,  Mayo,  and  Fodera  thought  that  the  lingual  was  the  only  nerve  of 
taste,  but  Majendie  proved  that,  after  it  was  divided,  the  posterior  part  of  the 
tongue  was  still  endowed  with  taste.  Panizza  (1834)  described  the  glosso-pharyn- 
geal  as  the  nerve  of  taste,  the  gustatory  as  the  nerve  of  touch,  and  the  hypoglossal 
as  the  motor  nerve  of  the  tongue. 


The  Sense  of  Touch. 


424.  Terminations  of  Sensory  Nerves. 

1.  The  tonch-eorinscles  of  Wagner  and  Keissner  lie  in  the  papilla  of  the 

cntiB  Ten  (9  283),  and  are  moot  nmnerona  in  the  palm  of  the  hand  and  the  sole  of 
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the  foot,  Mp«a«Uj  in  the  finger*  and  toes,  there  being  ftbout  21  to  every  oqamre 
■nillioietre  of  skin,  or  108  to  400  of  the  pkpillte  oontuning  blood -ressels.  Tbey 
ore  Ism  kbandant  on  the  bftck  of  the  huid  and  foot,  muniii*,  Iip«,  mnA  tip  ^ 
the  tongue,  nre  on  the  gliuu  clitoridis,  and  occur  singly  and  scsttered  on  tb» 
TDtaratdcof  the  fore -ann,  even  in  the  anthropoid  ape*.  Theyara  ovml  or  ellip- 
tical bodies,  40-300  ^  long  [,},  in.],  and  60-70  m  broad  [ri,  to  ,b  in-].  "'^  "« 
covered  eitemally  by  layers  of  connective-tiBsae  arranged  transversely  in  layoim, 
and  vithin  ia  a  granalar  mass  with  elongated  striped  nuclei  (Fig.  453,  t).  One  to 
three  mednllated  nerve-fibre*  pass  to  the  lower  end  of  each  corpuscle,  sjid  vur- 
ronnd  it  in  a  spiral  manner  two  or  three  times ;  the  fibres  then  lose  their  myelin, 
and,  after  dividing  into  4-6  fibrils,  divide  within  the  oorpuscle.  The  ez&ct  mods 
of  termination  of  the  Sbrils  is  not  known.  Some  observen  inppose  that  the 
transverse  fibrillation  is  due  to  the  colls  or  windings  of  the  nerve-fibrila  ;  while, 
ac<:ording  to  otbets,  the  inner  part  consists  of  numerous  flattened  cell*  lying  one 
oTor  the  other,  between  which  the  pale  terminal  fibres  end,  either  in  swvUing*  or 
with  disc-like  expanaioo*,  such  as  occur  in  Merkel'a  corputdea. 


Fig.  453. 
Vertical  sec&u  of  the  skin  of  the  pslm  of  the  hand— a.  Blood-vessel;  b,  p*pilla  of 
the  cutis  vera;   c,  capillary ;   d,  nerve-fibre   passing  to  a  touch-corpnscle; 
/,  nerve-fibre  divided  transversely ;  e,  Wagner's  touch- corpuscle;  g,  cells  of 
the  Malpighian  layer  of  the  skin  (after  Biesiadecki). 

[TbeM  oorpuscle*  do  not  contain  a  soft  core  aoch  a*  eiists  in  Pacini's  oorpnide*. 
The  oorpuscle*  appear  to  consist  of  oounectivs-tissue  with  imparfeet  iepta  1"*""^ 
into  the  interior  from  the  fibrous  oapsnle.  After  the  nerve-fibre  enters,  it  loaea  ite 
myelin,  and  then  branch**,  while  the  braDotue  anaatooioBe  and  follow  a  spiral  coorvs 
within  the  corpuscle,  finally  to  terminste  in  slight  enlargements.  According  to 
Thin,  there  are  simple  and  compound  corpuscles,  depending  on  the  number  of 
nerve-fibres  entering  them.] 
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KoUnuam  dMcribee  three  apedBl  tactil*  btom  in  the  kand :— 1.  Tha  tipi  of  th« 
flngera  with  24  tonch-corpmcleB  id  a  leogth  of  10  mm. ;  2.  the  three  eminence*  lying 
on  the  palm  behind  the  slit*  between  the  finger*,  with  6*1-2-7  tonch-oorpuaclee  in 
the  same  length ;  and  3.  ths  ball  of  the  thnmb  and  little  SngfiT  with  3-1-^-5  tonch- 
corpnacle*.  The  first  two  ar«aa  also  uont^n  many  of  th«  oorpnsole*  of  Vater  or 
Pacini,  while  in  the  latter  these  corpuscles  are  fewer  and  scattered.  In  the  other 
parte  of  the  hand,  the  nervona  end-organs  are  much  leas  developed. 

Tater'l  (1741)  or  Pacini's  COrpnscleB  are  oval  bodie*  (Fig.  464).  1-2  mm.  long, 
lying  in  the  snbcutaneoii*  tiasne  on  the  nerve*  of  ths  Sngar*  and  toe*  (BOO- 1400),  in 
UiB  neighbonrhootl  of  joints  and  mnsdes,  the  aympsthetic  abdominal  plemses,  ue»r 
the  aorta  and  coccygeid  gland,  on  the  dorsum 
of  the  penis  and  clitoris,  and  in  the  maao- 
colon  [and  mesentery]  of  the  cat.  [Th^  ■^ 
occnr  in  the  oonrse  of  the  intercostal  and 
perioateal  nerve*,  and  Stirling  has  seen  them 
in  the  capsule  of  lymphatic  glanda.  They 
are  attached  to  the  nerres  of  the  hand  and 
feet,  and  are  so  large  as  to  be  visible  to  the 
naked  eye,  both  in  these  regions  and  between 
the  layers  of  the  mesentery  of  the  cat. 
They  are  whitish  or  somewhat  transparent, 
with  a  white  line  in  the  centre  (cat) ;  in 
man,  they  are  ^  to  iV  inch  long,  and  -fy  to 
^  inch  broad,  and  are  attached  by  a  stalk  or 
pedicle  [Fig.  464,  a)  to  the  nerve.]  They  con- 
sist of  nnmerons  nucleated  connective'tiasne 
capanle*  or  lamelle  lined  by  endothelium, 
separated  from  each  other  by  flnid,  and  lying 
one  within  the  other  like  the  coats  of  an 
onion,  while  in  the  axis  is  a  eeniral  core, 
A  medullated  nerve-fibre  passea  to  each, 
where  its  sheath  of  Schwann  unitaa  with 
the  capaole.  It  loaes  its  myelin,  and  passes 
into  tiie  interior  a*  an  axial  cylinder  (Fig. 
464,  0,  where  it  either  ends  in  a  small  knob  or 
may  divide  dtchotomously  (Fig.  454,/),  each 
branch  terminating  in  a  small  pear-shaped 
enlargement.  [Each  large  corpuscle  ia  covered 
by  40-60  lamelln,  or  tunics,  which  are  thinner 
and  closer  to  each  other  (Fig.  4fi4,  d)  internally 
tiian  in  the  outer  p«rt.  where  they  are  thicker 
and  wider  apart.  The  lamelln  are  like  the 
laminn  in  the  lamellated  sheath  of  a  nerve,  ''' 

and  are  compoeed  of  an  elastic  basis  mixed  ^B-  *^ 

with  white  fibres  of  connective-tissue,  while    Vater's    or    Pacini'* 
the  inner  snrfaoe  of  each  lamella  i*  lined  by        a.  Stalk ;  (,  nerve-fibre  entering 
a   single   contmnon*   layer  of    endothelium        it;    e,   d,   oonnective-tisnie   en- 
eontinnons  with  that  of    the  perineurium,         vek^;  e,  axis  cylinder,  with  iti 
It  i*  easily  stained  with  silver  nitrate.     The        end  divided  at  /. 
^erent  nerve-JU/rt  ia   covered  with  a  thick 
shesth  of  lamellated  connective-tiasne  (sheath  of  Henle),  which  become*  Uended 


with  the  onter  lamella  of  the  cotpnacle.     The  medullated  t 
accompanied  by  a  blood-vessel,  and  pierces  the  various  tunics,  retaining  it*  myelin 
nntil  it  reaches  the  core,  where  it  terminatea  as  already  described.] 
3.  Zraiue'a  end-balbs  very  probably  oocnr  a*  a  regular  mode  of  nerve  tnini- 


1086  TERMINATIONS  OF  SENSORY  NERVES. 

nation  in  the  oatis  and  mnoons  membraneB  of  all  mammals.  They  are  elongated, 
oval,  or  roond  bodies,  0*075  to  0*14  mm.  long,  and  have  been  found  in  the  deeper 
layers  of  the  coi\juictiva  bulbi,  floor  of  the  mouth,  margins  of  the  lips,  naaal 
macous  membrane,  epiglottis,  fungiform  and  circumvallate  papiUe,  glana  poiia 
and  clitoris,  volar  surfaoe  of  the  toes  of  the  guinea-pig,  ear  and  body  of  the  mouaa, 
and  in  the  wing  of  the  bat.  [In  the  calf,  the  '*  cylindrkai  end-bulbs  "  are  oval, 
with  a  nerve-fibre  terminating  within  them.  The  sheath  of  Henle  beoomes  coi&' 
tinoous  with  the  nucleated  capsule,  while  the  axial  cylinder,  devoid  of  its  myelin, 
is  continued  into  the  soft  core.  In  man,  the  end-bulbs  are  "spheroidal,"  and 
oonsist  of  a  nucleated  connective-tissue  capsule  continuous  with  Henle's  sheath  of 
the  nerve,  and  enclosing  many  cells,  amongst  which  the  axis  cylinder,  which  enters 
the  bulb,  branches  and  tenmnates.]  The  spheroidal  and  end-bulbs  occur  in  man, 
in  the  nasal  mucous  membrane,  conjunctiva,  mouth,  epiglottis,  and  the  muoons 
folds  of  the  rectum.  According  to  Waldeyer  and  Longworth,  the  nerve-fibiils 
terminate  in  the  cells  within  the  capsule.  These  cells  are  said  to  be  comparable  to 
Merkel's  tactUe  ceUs  (Waldeyer). 

The  genital  eorpuscles  of  Krause,  which  occur  in  the  skin  and  mucous  membrane 
of  the  glans  penis,  clitoris,  and  vagina,  appear  to  be  end-bulbs  more  or  less  fused 
together. 

The  articalation  norve-COrpascles  occur  in  the  synovial  mucous  membrane  of 
the  joints  of  the  fingers.  They  are  laiger  than  the  end-bulbs,  and  have  numerous 
oval  nuclei  externally,  while  one  to  four  nerve-fibres  enter  them. 

4.  Tactile  or  toach-COrpuSCles  of  Merkel,  sometimes  also  called  the 
corpuscles  of  Qrandiy,  occur  in  the  beak  and  tongue  of  the  duck  and  goose,  in  the 
epidermis  of  man  and  mammals,  and  in  the  outer  root-sheath  of  tactile  hairs  or 
feelers.  They  are  small  bodies  composed  of  a  capsule  enclosing  two,  three,  or 
more  large,  granular,  somewhat  flattened  nucleated  and  nucleolated  cells,  piled 
one  on  the  other  in  a  vertical  row,  like  a  row  of  cheeses.  Each  corpuscle  receives 
at  one  side  a  medullated  nerve-fibre^  which  loses  its  myelin,  and  branches  to 
terminate,  according  to  some  observers  (Merkel),  in  the  cells  themselves,  and 
according  to  others  (Ranvier,  Izquierdo,  Hesse),  in  the  protoplasmic  transparent 
substance  or  disc  lying  between  the  cells.  [This  intercellular  disc  is  the  **  disc 
tactil"  of  Ranvier,  or  the  '*  TaatpUUU"  of  Hesse.]  When  there  is  a  great  aggr^a- 
tion  of  these  cells,  large  structures  are  formed  which  appear  to  form  a  kind  of 
transition  between  these  and  touch-corpuscles.  [According  to  Klein,  the  terminal 
fibrils  end  neither  in  the  touch-cellB  or  tactile  disc,  but  in  minute  swellings  in 
the  interstitial  substance  between  the  touch-oeUs,  in  a  manner  very  similar  to 
that  occurring  in  the  end-bulbs.] 

[According  to  Merkel,  tactile  cells,  either  isolated  or  in  groups,  but  in  the 
latter  case  never  forming  an  independent  end-organ,  occur  in  the  deeper  layers  of 
the  epidermis  of  man  and  mammals,  and  also  in  the  papille.  They  oonsist  of 
round  or  flask-shaped  cells,  with  the  lower  pointed  neck  of  the  flask  continuous 
with  the  axis  cylinder  of  a  nerve-fibre.  They  are  regarded  by  Merkel  as  the 
simplest  form  of  a  tactile  end-organ,  but  their  existence  is  doubted  by  some 
observers.] 

Amongst  animals,  there  are  many  other  forms  of  sensory  end-orga^  [Herbst'8 
corpuscles  occur  in  the  mucous  membrane  of  the  tongue  of  the  duck,  and 
resemble  small  Vater*s  corpuscles,  but  their  lamell®  are  thinner  and  nearer  each 
other,  while  the  axis  cylinder  within  the  central  core  is  bordered  on  each  side  by 
a  row  of  nuclei]  In  the  nose  of  the  mole,  there  is  a  peculiar  end-organ  (Eimer), 
while  there  are  "  end-capetdes"  in  the  penis  of  the  hedgehog  and  the  tongue  of  the 
elephant,  and  ** nerve-rings*^  in  the  ears  of  the  mouse. 

5.  [Other  ITodes  of  Ending  of  Sensory  Nerves.— Some  sensory  nerves 

terminate  not  by  means  of  special  end-organs,  but  their  axis  cylinder  splits  up 
into  fibrils  to  form  a  nervous  net-work,  from  which  fine  fibrils  are  given  off  to 
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tarmiiiAtd  In  the  tiasae  in  which  the  nerve  enda.  These  fibrils,  aa  in  the  oomea 
(I  884),  tenninate  by  meana  of  free  enda  between  the  epithelium  on  the  anterior 
aurface  of  the  cornea,  and  some  observera  state  that  the  free  enda  are  proyided 
with  small  enlargements  {bouions  termincds).]  A  similar  mode  of  termination 
occnrs  between  the  cells  of  the  epidermis  in  man  and  mammals. 

6.  [TondoilBi  eapedally  at  their  junction  with  muscles,  have  special  end-organa 
(Sacha,  Rollett,  Golgi),  which  aasume  various  forms;  it  may  be  a  net-work  of  primi- 
tive nerve-fibrils,  or  flattened  end-flakes  or  plates  in  the  stemo-radial  muscle  of 
the  frog,  or  elongated  oval  end-bulbs,  not  unlike  the  end-bulba  of  the  conjunctiva, 
or  small  simple  Pacinian  corpuadea.] 


425.  Sensory  and  Tactile  Sensations. 

In  the  sensory  nerye-tronks,  there  are  two  functionally  different 
kinds  of  nerve-fibres: — 1,  Those  which  administer  to  painftU  impres- 
sions, which  are  sensory  nerves  in  the  narrower  sense  of  the  word ;  and 

2,  which  administer  to  tactile  impressions,  and  may  therefore  be  called 
tactile  nerves.  The  sensations  of  tempercUure  and  pressure  are  also 
reckoned  as  belonging  to  the  tactile  group.  It  is  extremely  probable 
that  the  sensory  and  tactile  nerves  have  different  end-oi^gans  and  fibres, 
and  that  they  liave  also  special  perceptive  nerve-centres  in  the  brain, 
although  this  is  not  definitely  proved.  This  view,  however,  is  supported 
by  the  following  facts : — 

1.  That  sensory  and  tactile  impressions  cannot  be  discharged  at  the  . 
same  time  from  aU  the  parts  which  are  endowed  with  sensibility. 
Tactile  sensation^,  including  pressure  and  temperature,  are  only  dis- 
charged from  the  coverings  of  the  skin,  the  mouth,  the  entrance  to  and 
floor  of  the  nose,  the  pharynx,  the  lower  end  of  the  rectum  and  genito- 
urinary orifices ;  feeble,  indistinct  sensations  of  temperature  are  felt  in 
the  oesophagus.  Tactile  sensations  are  absent  from  all  internal  viscera, 
as  has  been  proved  in  man  in  cases  of  gastric,  intestinal,  and  urinary 
fistuke.  Pain  alone  can  be  discharged  from  these  organs*  2.  The 
conduction  channels  of  the  tactile  and  sensory  nerves  lie  in  different 
parts  of  the  spinal  cord  (§  364,  1  and  5).  This  renders  probaf^le  the 
assumption,  that  their  central  and  peripheral  ends  also  are  different. 

3.  Very  probably  the  reflex  acts  discharged  by  both  kinds  of  nerve- 
fibres — ^the  tactile  and  pathic — are  controlled,  or  even  inhibited,  by 
special  central  nerve-organs  (§  361 — ]).  4.  Under  pathological  condi- 
tions, and  under  the  action  of  narcotics,  the  one  sensation  may  be 
suppressed,  while  the  other  is  retained  (§  364,  5). 

Sensory  Stimuli. — In  order  to  discharge  a  painful  impression  from 
sensory  nerves,  rdatiody  strong  stimuli  are  required.  The  stimuli  may 
be  mechanical,  chemical,  electrical,  thermal,  and  somatic,  the  last  being 
due  to  inflammatiog,  or  anomalies  of  nuteition  and  the  like. 


1088  THE  SENSE  OF  LOCALITY. 


Beferenee  of  the  SensatioiiB. — ^These  nerves  are  excitable 
along  their  entire  course,  and  so  is  their  central  termination,  so  that 
pain  may  be  produced  by  stimulating  them  in  any  part  of  their  course, 
but  this  pain,  according  to  the  " law  of  peripheral  perception"  is  always 
referred  to  the  periphery. 

The  tactile  nerves  can  only  discharge  a  tactile  impression  or  sensa- 
tion of  contact,  when  moderately  strong  mechanical  pressure  is 
exerted,  while  thermal  stimuli  are  required  to  produce  a  temperature 
sensation,  and  in  both  cases,  the  results  are  obtained  only  when  the 
appropriate  stimuli  are  applied  to  the  end-organs.  If  pressure  or  cold 
be  applied  to  the  course  of  a  nerve-trunk,  eg.,  to  the  ulna  at  the  inner 
surface  of  the  elbow  joint,  we  are  conscious  of  painful  sensations,  bat 
never  of  those  of  temperature,  referable  to  the  peripheral  terminations  of 
the  nerves  in  the  inner  fingers.  All  strong  stimuli  disturb  normal 
tactile  sensations  by  over-stimulation,  and  hence  cause  pain. 


426.  The  Sense  of  Locality. 

We  are  not  only  able  to  distinguish  differences  of  pressure  or  tem- 
perature by  our  sensory  nerves,  but  we  are  able  to 
distinguish  the  part  which  has  been  touched.  This 
capacity  is  spoken  of  as  the  sense  of  space  or 
locality. 

Methods  of  Testing.— Fhkoe  the  two  blunted  points  of 
a  pair  of  compasses  at  diflferent  distances  apon  the  part  of 
the  skin  to  be  investigated,  and  determine  the  smallest 
distance  at  which  the  two  points  are  felt  only  as  one  im- 
pression. Sieveking's  (BUheaiometer  (Fig.  456)  may  be  used 
instead ;  one  of  the  points  is  movable  along  a  graduated 
rod,  while  the  other  is  fixed.  2.  Hie  distance  between 
the  points  of  the  instroment  being  kept  the  same,  touch 
several  parts  of  the  skin,  and  ask  if  the  person  feels  the 
impression  of  the  points  coming  nearer  to  or  going  wider 
Fig,  455.  apart.    3.  Touch  a  part  of  the  skin  with  a  blunt  instrument^ 

.^Ssthesiometer.       ftnd  observe  if  the  spot  touched  is  correctly  indicated  by 

the  patient. 

The  investigations  have  led  to  the  following  results.  The  sense  of 
locality  of  a  part  of  the  skin  is  more  acute  under  the  following  condi- 
tions : — 

1.  The  greater  the  number  of  tactile  nerves  in  the  corresponding  parb 
of  the  skin* 

2.  The  greater  the  mdbilUy  of  the  part,  so  that  it  increases  in  the 
extremities  towards  the  fingers  and  toes.  The  sense  of  locality  is  always 
very  acute  in  parts  of  the  body  that  are  very  rapidly  moved  (Yierordt) 


UODIFYING   CONDITIONS. 


3.  The  sensibility  of  the  limbs  is  finer  In  the  transvine  axis  than  in 
the  long  axis  of  the  limb,  to  the  extent  of  ^th  on  the  flexor  surfflce  <d 
the  npper  limb,  and  jth  on  the  extensor  surface. 


Fig.  406. 
.iSBtheaiometar  of  Sievekiug. 

4.  The  mode  of  appticalum  of  the  points  of  the  nsthesiometer : — (a.) 
According  as  they  are  ^plied  one  after  the  otlier,  instead  of  simul- 
taneously, or,  as  they  are  considerably  varmer  or  colder  than  the  skin 
(Klug),  a  person  may  distingoish  a  less  distance  between  the  points. 
(p.)  If  we  b^in  with  the  points  wide  apart  and  approximate  them,  then 
we  can  distinguish  a  less  distance  than  when  we  proceed  from  imper- 
ceptible distances  to  larger  ones,  (c.)  If  the  one  point  is  warm  and  the 
other  cold,  on  exceeding  the  next  distance,  we  feel  two  impressions,  but 
we  cannot  rightly  judge  of  their  rehitive  positions  (Czennat). 

6.  Exercise  greatly  improves  the  sense  of  locality;  hence,  the  extra- 
ordinary acntenesB  of  this  sense  in  the  blind,  and  the  improvement 
always  occurs  on  both  sides  of  the  body  (Volkmann). 

[Ft.  Galton  tlndi  tb&t  tba  reputed  iiicr«ued  acatanes*  of  other  «eiue»  in  the 
case  of  the  blind  ii  not  lo  great  a>  ii  generally  alleged,  fie  tested  a  large  number 
of  boy*  at  tut  edncational  blind  aaylnm,  with  the  retnlt  that  the  perfornuuices  of  th« 
blind  boys  irere  by  no  means  inpeiior  to  thoee  of  other  boys.  He  pcMnta  out,  how- 
ever, that  "the  guidance  of  the  blind  depends  munly  on  the  multitude  of 
oollateral  indicatiaDa,  to  which  they  give  much  heed,  and  not  in  their  •nperiority 
to  any  one  of  them."] 

6,  MoitUnmg  the  skin  with  indifferent  fluids  increases  the  acnteness. 
If,  however,  the  skin  between  two  points,  which  are  still  felt  as  two 
distinct  objects,  be  slightly  tickled,  or  be  traversed  by  an  imperceptible 
electrical  cmrent,  the  impressionB  become  fused  (Suslowa).  The  sense  of 
locality  ia  rendered  more  acute  at  the  cathode  when  a  constant  current 
is  nsed  (Suslowa),  and  when  the  skin  is  congested  by  stimulation 
(Elinkenberg),  and  also  by  slight  Btretcbing  of  Uie  akin  (Scbmey); 
fuTther,  by  hatha  of  carbonic  add  (v.  Basch  and  v.  Dietl),  or  warm 
common  salt,  and  temporarily  by  the  use  of  caffein  (Rumpf). 
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7.  Anmnia,  produced  by  eleTating  the  limbs,  or  venous  hgpm'wam  (by 
compressing  the  veins),  blunts  the  sense,  and  so  does  too  frequent 
testing  of  the  sense  of  locality,  by  producing  fatigue.  The  sense  is  also 
blunted  by  cold  applied  to  the  skin,  the  influence  of  the  anode,  strong 
stretching  of  the  skin,  as  over  the  abdomen  during  pregnancy,  previous 
exertion  of  the  muscles  under  the  part  of  the  skin  tested,  and  sone 
poisons,  e.g,j  atropin,  daturin,  morphin,  strychnin,  alcohol,  potawimn 
bromide,  cannabin,  and  chloral  hydrate. 

Smallest  Appreciable  Diitanoe. — ^The  following  statement  gives  tfe 
smaUest  distance  in  mUlimetres,  at  which  two  points  of  a  pair  of  cooi- 
passes  can  still  be  distinguished  as  double  by  an  adult  The  corc- 
spending  numbers  for  a  boy  twelve  years  of  age  are  givoi  witUn 
brackets : — 


MUllmetret. 

Tip  of  tongne,      .  .     1*1    [I'l] 

Third  phalanx  of  iiDger,  volar 
■orfiMse,     .        .  2*-2'3   [1*7] 

Red  part  of  the  lip,      .        .    4*5   [3*9] 

Second  phalanx  of  finger, 
volar  surface,   .  4*-4-5    [3*9] 

First  phalanx  of  finger,  volar 
rarfaoe,    .  5 '-6 '5 

Third  phalanx  of  finger,  dor- 
sal surf  ace,  .6*8    [4*5] 

Tip  of  nose,  .  .6*8   [4*5] 

Head  of  metacarpal  bone, 
volar,        .        .        .        6 '-6 -8   [4*6] 

Ball  of  thumb,     .        .      6*5-7* 

Ball  of  little  finger,      .      5 '5-6* 

Centre  of  palm,    .  8*-9* 

Dorsum  and  side  of  tongue, 
white  of  the  lips,  meta- 
carpal part  of  the  thumb,      9*     [6*8] 

Third  phalanx  of  the  great 
toe,  plantar  surf  ace,         .    11*3   [6*8] 

Second  phalanx  of  the  fingers, 
dorsal  surf  ace,  .11*3    [9*] 

Back, 11*3   [9] 


Eyelid,       .... 
Centre  of  hard  palate. 
Lower  third  of  the  fore-arm, 

volar  surface,  . 
In  front  of  the  zygoma, 
Plantar  surface  of  the  great 

VOe,  .  •  «  a 

Inner  sur&ce  of  the  lip, 

Behind  the  zygoma, 

Forehead,  . 

Occiput, 

Back  of  the  hand. 

Under  the  chin, 

Vertex, 

Knee, 

Sacrum,  gluteal  region, 

Fore-arm  and  leg. 

Neck, 

Back  at  the  fifth  dorsal  ver- 
tebra, lower  dorsal  and 
lumbar  region. 

Middle  of  the  neck,    . 

Upper  arm,  thigh,  and  centre 
of  the  back,    .        .    67*7 


lUllimetrei. 
11*3  [9] 
13*5  [11*3] 

15* 

15*8  [11*3] 

15-8  [9*1 
20*3  [13*5] 
22*6  [15  8] 
22*6  [18*1 
27*1  [22-6] 
31*6  [22*61 
33*8  [22-6] 
33*8  [22*6] 
36*1  [31*6] 
44*6  [33*8} 
45*1  [33*8] 
64*1  [361] 


54-1 
67*7 

[31*6-10*6} 


ninainwa  of  the  861186  Of  locality  occur  yeiy  frequently ;  the  most  marked 
are : — 1.  A  uniform  movement  over  a  cutaneous  surface  appears  to  be  quicker  in 
those  places  which  have  the  finest  sense  of  locality.  2.  If  we  merely  tomeh  the  skin 
with  the  two  points  of  an  ssthesiometer,  then  they  feel  as  if  they  were  wider 
apart  than  when  the  two  points  are  moved  along  the  skin  (Fechner).  3.  A  sphere, 
when^touched  with  short  rods,  feels  larger  than  when  long  rods  are  used  (Toar- 
tual).  4.  When  the  fingers  of  one  hand  are  crossed,  a  small  pebble  or  sphere 
placed  between  them  feels  double  (ArUtotWs  experimeni'),  [When  a  pebble  is 
rolled  between  the  crossed  index  and  middle  finger  (Fig.  457,  B),  it  feels  aa  if  two 
balls  were  present,  but  with  the  fingers  uncrossed  single.]  5.  When  pieces  of  skin 
are  transplanted— e.^^.,  from  the  forehead  to  form  a  nose,  the  person  operated  ea 
feels,  often  for  a  long  time,  the  new  nasal  part  as  if  it  wwe  hia  f orehMd. 


THEORIES  OF  CUTANEOUS  SEKSIBILITT. 
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ThnreticaL — Kumerooa  experiments  were  made  bjr  E.  H.  Weber,  Lotce, 
UeiMiier,  Czennak,  uid  others,  to  explain  the  phenomena  of  the  Boue  of  apace. 
Weber'l  theory  goea  upon  the  aasomption,  that  one  and  the  same  nerre-Sbre 
proceeding  from  the  bnun  to  the  skin  can  only  take  np  one  kind  of  imprcaiion, 
and  administer  thereto.  He  called  the  part  of  ^e  skin  to  which  each  ungle  nerve- 
fibre  is  diatribnted  a  "  circle  of 
sensation. "  When  two  Btitavli 
act  dmnltaueoatly  npoD  the 
tactile  end-organ,  thena  double 
HnaatioD  is  felt,  when  one  or 
more  circUa  of  sensation  lie 
between  the  two  points  itimn- 
lated.  This  explanation,  based 
upon  anatomical  connderations, 
does  not  explain  how  it  ii  that, 
with  practice,  the  <^rcle*  of 
•enaation  become  smaUer,  and 
also  how  it  il  that  only  one 
sensatian  occurs,  when  both 
pointe  of  the  instrnment  are  lo 
applied,  that  both  points, 
althoagh  farther  apart  than  the 
diameter  of  a  circle  of 


Fig  W7. 
Anatotle's  expenment  (Knott). 


Wnndt's  Theory. — In  Mcordance  with  the  conclusions  of  Lotze,  Wundt  pro- 
ceeds &om  a  psycho -physiological  baais,  that  every  part  of  the  skin  with  tactile 
seniibility  always  conveya  to  the  brain  the  localitj/  of  the  sensatioD.  Every 
cntaneons  area,  therefore,  gives  to  the  tactile  sensation  a  "local  eobur''  or 
quality,  which  is  spoken  of  u  the  "  local  ligji."  Eeawnmea  that  this  local  colonr 
diminishes  from  point  to  point  of  the  skin.  This  gradation  is  very  mdden  in  thoee 
parts  of  the  skin  where  the  sense  of  space  ia  very  acnte,  but  occurs  very  gradually 
where  the  sense  of  space  is  more  ol>tuse.  Separate  impressions  unite  into  a 
common  one,  as  soon  as  the  gradation  of  tbe  local  colonr  becomes  imperceptible. 
By  practice  and  attention  differencea  of  sensatian  are  experienced,  which  ordinarily 
are  not  obaerved,  so  that  be  explains  the  diminution  of  the  circles  of  sensation  by 
practice.  The  drole  of  sensation  is  an  area  of  the  skin,  within  which  tbe  local 
colour  of  the  sensation  changes  so  little,  that  two  separate  impneaions  fuse  iato 


427.  The  Pressure  Sense. 

By  tiie  sense  of  preaeure  w&  obtain  a  knowledge  of  the  unount  of 
weight  or  pressure  which  is  being  exercised  at  the  time  on  the  diflferent 
parts  of  the  skin. 

Xethodf.— 1.  Place,  on  the  part  of  the  skin  to  Im  inveatigated,  different 
woghta  one  after  the  other,  and  ascertain  what  perceptions  t^ey  give  rise  to,  and 
tbe  sense  of  the  difference  of  pressure  to  which  they  give  rise.  We  must  be 
carefiil  to  exdnde  differences  of  temperature  and  prevent  the  displaoemant  of  the 
weights— the  weights  must  always  be  placed  on  the  same  spot,  and  the  skin 
should  be  covered  beforebaiid  with  a  plate,  while  tbe  muscular  sense  must  be 
eliminated  (S4.10).    [This  is  done  by  supporting  the  hand  or  part  of  the  skin 
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wbieh  IB  iMing  tested,  bo  that  the  action  of  all  the  mDade8  is  exdnded.]  2.  A 
prooeBB  18  attached  to  a  baUace  and  made  to  touch  the  skin,  while  by  placiii^ 
weightB  in  the  acale-pan  or  remoTing  them,  we  teat  what  diiSerenoes  in  weight  the 
penon  experimented  on  is  able  to  diBtingaiah  (Bohm).  3.  In  order  to  aroid  th» 
neoesaity  of  changing  the  weights,  A.  Eulenberg  invented  his  bftradSfhoaOBieter, 
which  ia  constructed  on  the  same  principle  as  a  spiral  spring  paper-clip  or  baUnoe. 
There  is  a  small  button  which  rests  on  the  skin  and  is  depressed  by  the  spring. 
An  index  shows  at  once  the  presBnre  in  grammes,  and  the  instrument  is  ao 
ami^ged  that  the  pressure  can  be  yeiy  easily  varied.  4.  Golts  uses  a  pulaatmg, 
deuHc  tube,  in  which  he  can  produce  waves  of  different  height.  He  tested  how 
higk  the  latter  must  be  before  they  are  experienced  as  pulse-waves,  when  the  tabe 
is  placed  upon  the  skin.  5.  Landois  uses  a  mdrCUlial  balance  (Fig*  458).  The 
beam  of  a  balance  (W)  moves  upon  two  knife-edges  (O,  O),  and  is  carried  on  the 
horiaontal  arm  (6)  of  a  heavy  support  (T).  One  arm  of  the  beam  is  ]Nrovided  with 
a  Borew  (m)  on  which  an  equilibrating  weight  (S)  can  be  moved.  The  other  ann. 
id)  passes  into  a  vertical,  calibrated  tube  (R).  Below  this  is  the  pressure-pad  (P), 
wUuh  can  be  loaded  as  desired  by  a  weight  (6),  and  which  can  be  placed  upon 
the  part  of  the  skin  to  be  tested  (H).    From  an  adjoining  burette  (B)  held  in  a* 


Fig.  468, 
Landois*  mercurial  balance  for  testing  the  pressure  sense. 

clamp  (A),  merenry  can  pass  through  a  tube  in  the  direction  of  the  arrows,  ta 
part  of  the  balance  and  into  the  tube  (R).    On  the  stop-cock  (A)  being  doaed^ 
whenever  pressure  is  exerted  on  the  tube  (D,  D),  the  menmry  rises  through  d  int» 
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R,  and  increaaes  the  pressure  on  P.  We  measure  the  weight  of  the  mercury 
corresponding  to  each  division  of  the  tube  (R).  This  instrument  enables  rapid 
yariations  of  the  weight  to  be  made  without  giving  rise  to  any  shock.  In  estimat- 
ing both  the  pressure  sense  and  temperature  sense,  it  is  best  to  proceed  on  the 
principle  of  "the  least  perceptible  difference,"  t.«.,  the  different  pressures  or 
temperatures  are  graduated,  either  beginning  with  great  differences,  or  prooeediim^ 
from  the  amcUlest  difference,  and  determining  the  limit  at  which  the  person  ca|i 
distinguish  a  difference  in  the  sensation. 

Results. — 1.  The  smallest  perceptible  presswe,  when  applied  to 
different  parts  of  the  skin,  varies  very  greatly  according  to  the  locality. 
The  greatest  acateness  of  sensibility  is  on  the  forehead,  temples,  and 
the  back  of  the  hand  and  fore-arm,  which  perceive  a  pressure  of  0002 
grm.  j  the  fingers  first  feel  with  a  weight  of  0*005-0*015  grm.;  the 
chin,  abdomen,  and  nose  with  0'04:-0'05  grm.;  the  finger  nail  1  gim. 
(Kammler  and  Aubert). 

The  greater  the  sensibility  of  the  slun,  the  more  rapdly  can  single  stimuli 
succeed  each  other,  and  still  be  perceiTed  as  single  impressions ;  52  stimuli  per 
second  may  be  applied  to  the  yolar  side  of  the  upper  arm,  61  on  the  back  of  tha 
hand,  70  to  the  tips  of  the  fingers,  and  still  be  felt  singly  (Bloch). 

2.  Intermittent  variations  of  pressure,  as  in  Goltz's  tube,  are  felt 
more  acutely  by  the  tips  of  the  fingers  than  with  the  forehead. 

3.  Differences  between  two  weights  are  perceived  by  the  tips  of  the 
fingers  when  the  ratio  is  29 :30  (in  the  fore-arm  as  18*2  :  20),  provided 
the  weights  are  not  too  light  or  too  heavy.  In  passing  from  the  use  of 
very  light  to  heavy  weights,  the  acuteness  or  fineness  of  the  perception 
of  difference  increases  at  once,  but  with  heavier  weights,  the  power  of 
distinguishing  differences  rapidly  diminishes  again  (£.  Bering,  Loewit, 
and  Biedermann).  This  observation  is  at  variance  with  the  psycho- 
physical  law  of  Fechner  (§  383). 

4.  A.  Eulenburg  found  the  following  gradations  in  the  fineness  of 
the  pressure  sense: — ^The  forehead,  lips,  dorsum  of  the  cheeks  and 
temples  appreciate  differences  of  :^  to  ^  (200  :  205  -300: 310  grm.). 
The  dorsal  surface  of  the  last  phalanx  of  the  fingers,  the  fore-arm,  hand, 
1st  and  2nd  phalanx,  the  volar  surface  of  the  hand,  fore-arm,  and  upper 
arm  distinguish  differences  of  jV  ^  tit  (200:220  to  200:210  grm.). 
The  anterior  surface  of  the  leg  and  thigh  are  similar  to  the  forenarm. 
Then  follow  the  dorsum  of  the  foot  and  toes,  the  sole  of  the  foot  and 
the  posterior  surface  of  the  leg  and  thigh.  Dohm  determined  the 
smallest  additional  weight,  which  when  added  to  1  grm.  already  resting 
on  the  skin  was  appreciated  as  a  difference,  and  he  found  that  for  the 
3rd  phalanx  of  the  finger  it  was  '499  grm.;  back  of  the  foot,  0*5  grm.; 
2nd  phalanx,  0*771  grm.;  1st  phalanx,  0*82  grm.;  leg,  1  grm.;  back  of 
the  hand,  1*156  grm.;  palm,  1*018  grm.;  patella,  1*5  gnn.;  fore-aim^ 
1*99  grm.;  umbilicus,  3*5  grms.;  and  the  back,  3*8  grms. 
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5.  Too  long  time  must  not  elapse  between  the  application  of  two' 
saccessive  weights,  but  100  seconds  may  elapse  when  the  difference 
between  the  weights  is  4  :  5  (E.  H.  Weber).    . 

6.  The  sensation  of  an  after  pressure  is  very  marked,  especially  if  the 
weight  is  considerable  and  has  been  applied  for  a  length  of  time.  But 
even  light  weights,  when  applied,  must  be  separated  by  an  interval  of 
at  least  ^Fff  *^  tttf  second,  in  order  to  be  perceived.  When  they  are 
applied  at  shorter  intervals,  the  sensations  become  fused.  When  Valen- 
tin pressed  the  tips  of  his  fingers  against  a  wheel  provided  with  blunt 
teeth,  he  felt  the  impressiom  of  a  smooth  margin,  when  the  teeth  were 
applied  to  the  skin  at  the  intervals  above  mentioned ;  when  the  wheel 
was' rotated  more  slowly,' each  tooth  gave  rise  to  a  distinct  impression. 
Vibrations  of  strings  are  distinguished  as  such,  when  the  number  of 
vibrations  is  1506-1552  per  second  (v.  Wittich  and  Grunhagen). 

7.  It  is  remarkable  that  pressure  produced  by  the  uniform  com- 
pression of  a  part  of  the  body,  e.g.,  by  dipping  a  finger  or  arm  in 
mercury,  is  not  felt  as  such;  the  sensation  is  felt  only  at  the  limU  of 
the  fluid,  on  the  volar  surface  of  the  finger/  at  the  limit  of  the  surface  of  ' 
the  mercury.  ' 

428.  The  Temperature  Sense. 

• .  .    •  »    .  .     . 

The  temperature  sense  makes  us  acquainted  with  the  variations  of 
the  heat  of  the  skin.  The  circumstance  determining  the  sensation  of 
temperature  is,  according  to  £.  Bering,  the  temperature  of  the  thermal 
end-organs  themselves.  As  often  as  any. part  of  the  skin  has  a 
temperature  dbove  its  zero,  ie,,  its  neutral  proper  .temperature,  we  feel . 
warm;  in  the  opposite  condition  we  feel  cold.  The'  one  or  the  other 
sensation,  becomes  stronger,  the  more  the  temperature  of  the  thermal 
end-organ  differs  from  its  zero  temperature.  The  zero  temperature, 
however,  may  vary  pretty  rapidly,  from  external  causes,  within  certain 
limits. 

Methods* — '^o  the  sarface  of  the  skin  objects  of  the  same  size  and  with  the 
same  thermal  conductivity,  are  applied  saccessively  at  diiSerent  temperatures  :-^l, 
Nothnagel  uses  small  wooden  cups  with  a  metallic  base,  and  filled  with  warm  and 
cold  water,  the  temperature  being  registered  by  a  thermometer  placed  in  the  cups.  ' 
[2,  Clinically,  two  test-tubes  filled  with  cold  and  warm  water,  or  ,two  spoons,  the  . 
one  hot  and  the  other  cold,  may  be  used.] 

BeBolts. — 1.  As  a  general  rule,  the  feeling  of  cold  is  produced  when  - 
a  body  applied  to  the  skin  robs  it  of  heat;  and,  conversely,  we  have  a 
sensation  of  warmth,  when  heat  is  communicated  to  the  skin. 

2.  The  greater '  the  .ihermal  conductivity  of  .the  substance  touching 
the  skin,  the  more  intense  is  the  feeling- of  heat  or  cold  (§  218). 
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3.  At  a  temperature  of  15'5-35*'C.,  we  distinguish  distinctly  differ- 
ences of  temperature  of  0*2-0' 16^R  with  the  tips  of  the  fingers  (E.  H. 
Weber).  Temperatures  just  below  that  of  the  blood  (33*-27''C. — 
Nothnagel)  are  distinguished  most  distinctly  by  the  most  sensitive 
parts,  even  to  differences  of  0*05^C.  (Lindemann).  Differences  of 
temperature  are  less,  easily  made  out,  when  dealing  with  temperatures 
of  33*'-39°C.,  as  well  as  between  14°-27^C.  A  temperature  of  55**C., 
and  also  one  a  few  degrees  above  zero,  cause  distinct  pain  in  addition 
to  the  sensation  of  temperature. 

4.  The  different  parts  of  the  skin  also  vary  in  the  acuteness  of  their 
thermal  sense,  and  in  the  following  order : — ^Tip  of  the  tongue,  eyelids, 
cheeks,  lips,  neck,  and  body.  The  perceptible  minimum  Nothnagel 
found  to  be  0*4'"  on  the  breast;  0'9'*  on  the  back;  0'3^,  back  of  the 
hand;  0-4^  pabn ; .  0*2^  arm ;  0*4°,  back  of  the  foot;  0•5^  thigh; 
0-6*,  leg;  0'4*'-0*2^  cheek;  0-4°-0-3**C.,  temple.  The  thermal  sense 
is  less  acute  in  the  middle  line  {e,g.,  the  nose)  than  on  each  side  of  it 
(RH.  Weber).    .    ,        :   . 

5.  Differences  of  temperature  are  most  easily  perceived  when  the 
same  part  of  the  skin  is  affected  successively  by  objects  of  different 
temperature.  If,  however,  two  different  temperatures  act  simultane- 
ously and  side  by  side,  the  impressions  are  apt  to  become  fused, 
especially  when  the  two  areas  are  very  near  each  other. 

6.  Practice  improves. the  temperature  sense;  congestion  of  venous 
blood  in  the  skin  diminishes  it ;  diminution  of  the  amount  of  blood  in 
the  skin  improves  it  (M.  Alsberg).  When  large  areas  of  the  skin  are 
touched,  the  perception  of  differences  is  more  acute  than  with  small 
areas.  Eapid  variations  of  the  temperature  produce  more  intense 
sensations  than  gradual  changes  of  temperature. 

IlluiionB  ve  very  common: — 1.  The  sensationB  of  heat  and  oold  sometimes 
alternate  in  a  paradoxical  maimer.  When  the  akin  ia  dipped  first  into  water  at 
lO^C.  we  feel  cold,  and  if  it  be  then  dipped  at  once  into  water  at  16*^0.  we  have 
at  first  a  feeling  of  warmth,  but  soon  again  of  cold.  2.  The  same  temperatore 
applied  to  a  large  sur&ce  of  the  skin  is  estimated  to  be  greater  than  when  it  ia 
applied  to  a  small  area— e.^.,  the  whole  hand  when  placed  in  water  at  29*5*^0. 
feels  warmer  than  when  a  finger  is  dipped  into  water  at  32^C.  3.  Cold  weights 
are  judged  to  be  heavier  than  warm  ones. 

Pathological. — Tactile  sensibility  is  only  seldom  incrtcued  (hyperpsela- 
pheBia)f  but  great  sensibility  to  differences  of  temperature  is  manifested  by  areas 
of  the  skin  wliose  epidermis  is  partly  removed  or  altered  by  vesicants  or  herpes 
zoster,  and  the  same  occurs  in  some  cases  of  locomotor  ataxia ;  while  the  sense 
of  locality  is  rendered  more  acute  in  the  two  former  cases  and  in  erysipelas.  An 
abnormal  condition  of  the  sense  of  locality  was  described  by  Brown-S^uard,  where 
three  points  were  felt  when  only  two  were  applied,  and  two  when  one  was 
applied  to  the  skin.  Landois  finds  that  in  himself  pricking  the  skin  of  the 
sternum  over  the  angle  of  Ludovicus  is  always  accompanied  by  a  sensation  in 
the  knee.  [Some  persons,  when  cold  water  is  applied  to  the  scalp,  have  a  pain 
.  referable  to  the  skin  of  the  loins  (Stirling).]    A  remarkable  variation  of  the  aenas 
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of  locftliiy  occim  in  moderate  poifloning  with  morphia,  where  the  persoii  feeLs  him- 
■bU  abnormally  large  or  greatly  diminished.  In  degeneration  of  the  posterior 
oolnmna  of  the  cord,  Obersteiner  obterved  that  the  patient  was  unable  to  say 
whether  his  right  or  left  side  was  toached  {**  AUockhria").  Ferrier  observed  a 
ttsas  where  a  atimalus  applied  to  the  right  side  was  referred  to  the  left^  and  vice 

BiminTLtion  and  paralysis  of  the  tactile  seiiBe  (Hypopselaphesia  and 

Apselaphesia)  occur  either  in  conjunction  with  simultaneous  injury  to  the  sensory 
aerves,  or  alone.  It  is  rare  to  find  that  one  of  the  qualities  of  the  tactile  sense  is 
losti  e,g.,  either  the  tactile  sense  or  the  sense  of  temperature— a  oondition  which, 
has  been  called  *' partial  tactile  paralysis.**  Limbs  which  are  **  sleeping"  feel  heat 
and  not  cold  (Herzen). 


429.  Common  Sensation— Pain. 

DefinitioiL — By  the  tenn  common  sensation  we  understand  pleasant 
or  unpleasant  sensations  in  those  parts  of  our  bodies  which  are  endowed 
with  sensibility,  and  which  are  not  referable  to  external  objects,  and 
whose  characters  are  difficult  to  describe,  and  cannot  be  compared 
with  other  sensations.  Each  sensation  is,  ajs  it  were,  a  peculiar  one. 
To  this  belong  pain,  hunger,  thirst,  malaise,  fatigue,  horror,  vertigo, 
tickling,  well-being,  illness,  the  respiratory  feeling  of  free  or  impeded 
respiration. 

Pain  may  occur  wherever  sensory  nerves  are  distributed,  and  it  is 
invariably  caused  by  a  stronger  stimulus  than  normal  being  applied  to 
sensory  nerves.  Every  kind  of  stimulation,  mechanical,  thermal, 
chemical,  electrical,  as  well  as  somatic  (inflammation  or  disturbances  of 
nutrition)  may  excite  pain.  The  last  appear  to  be  especially  active,  a^ 
many  tissues  become  extremely  painful  during  inflammation  {e,g,, 
muscles  and  bones),  while  they  are  comparatively  insensible  to  cutting. 
Pain  may  be  produced  by  stimulating  a  sensory  nerve  in  any  part  of 
its  course,  from  its  centre  to  the  periphery,  but  the .  sensation  is  in- 
variably referred  to  the  peripheral  end  of  the  nerve.  This  is  the 
law  of  the  peripheral  reference  of  sensationB.  Hence,  stimulation  of  a 
narve,  as  in  the  scar  of  an  amputated  limb,  may  give  rise  to  a  sensation 
of  pain  which  is  referred  to  the  parts  already  removed.  Too  violent 
.  atimulation  of  a  sensory  nerve  in  its  course  may  render  it  incapable  of 
conducting  impressions,  so  that  peripheral  impressions  are  no  longer 
perceived.  If  a  sufficient  stimulus  to  produce  pain  be  now  applied  to 
the  central  part  of  the  nerve,  such  an  impression  is  still  referred  to  the 
peripheral  end  of  the  nerve.  Thus  we  explain  the  paradoxical 
aassthesia  dolorosa.  In  connection  with  painful  impressions,  the 
patient  is  often  unable  to  localise  them  exactly.  This  is  most  easily 
done  when  a  small  injury  (prick  of  a  needle)  is  made  on  a  peripheral 
^paIt,     When,  however,  the  stimulation  occurs  in  the  course  of  the 
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nerve,  or  in  the  centre,  or  in  nerves  whose  peripheral  ends  ore  not 
accessible,  as  in  the  intestines,  pain  (as  belly-ache),  which  cannot  eaaily 
be  localised,  is  the  result. 

Irradiatioa — ^Daring  violent  pain  there  is  not  unfrequently  imdia- 
tion  of  the  pain  (§  364,  5),  whereby  localisation  is  impossibla  It  is 
Tare  for  pain  to  remain  continuous  and  uniform ;  more  generally  there 
are  exacerbations  and  diminutions  of  the  intensity,  and  aometimes 
periodic  intensification. 

The  intensity  of  the  pain  depends  especially  upon  the  excitability 
of  the  sensory  nerves.  There  are  considerable  individual  variations  in 
this  respect,  some  nerves — 6.^.,  the  trigeminus  and  splanchnic — ^being 
very  sensitive  The  larger  the  number  of  fibres  affected,  the  more 
severe  the  pain.  The  duration  is  also  of  importance,  in  as  far  as  the 
same  stimulation,  when  long  continued,  may  become  unbearable.  We 
speak  of  piercing,  cutting,  boring,  burning,  throbbing,  pressing,  gnaw- 
ing, dull,  and  other  kinds  of  pain,  but  we  are  quite  unacquainted  with 
the  conditions  on  which  such  different  sensations  depend.  Painful 
impressions  are  abolished  by  ancesthetics  and  narcotics^  such  as  ether, 
chloroform,  morphia,  etc.  (§  364,  5). 

Methods  of  Testing. — To  test  the  cutaneous  sensibility,  we  usually  employ  the 
constant  or  induced  electrical  current.  Determine  first  the  minimum  tensSfUUif^ 
t.e.,  the  strength  of  the  current  which  excites  the  first  trace  of  sensation,  and  also 
the  minimum  of  paitiy  ».e.,  the  feeblest  strength  of  the  current  which  first  causes 
distinct  impressions  of  pain.  The  electrodes  consist  of  thin  metallic  needles,  and 
are  placed  1-2  cm.  apart  (Fig.  312). 

Patholog^caL— When  the  excitability  of  the  nerves  which  administer  to  painfU 
sensations  is  increased,  a  slight  touch  of  the  skin,  nay,  even  a  breath  of  cold  air, 
may  excite  the  most  violent  pain,  constituting  cutaneOUS  hyperalg^  especially 
in  inflammatory  or  exanthematic  conditions  of  the  skin.  The  term  CUtaneOQB 
paralgia  is  applied  to  certain  anomalous,  disagreeable,  or  painful  sensations  which 
are  frequently  referred  to  the  skin — bitching,  creeping,  fonuioation,  cold,  and 
burning.  In  cerebro-spinal  meningitis,  sometimes  a  prick  in  the  sole  of  the  foot 
produces  a  double  sensation  of  pain  and  a  double  reflex  contraction.  Perhaps  this 
condition  may  be  explained  by  supposing  that  in  a  part  of  the  nerve  the  conduction 
is  delayed  (§  337,  2).  In  neuralgia  there  is  severe  pain  occurring  in  paroxysms, 
^ith  violent  exacerbations  and  pain  shooting  into  other  parts  (p.  802).  Veiy 
frequently  excessive  pain  is  produced  by  pressure  on  the  nerve  where  it  makes 
its  exit  from  a  foramen  or  traverses  a  fascia. 

Yalleix's  Points  Douloureux  (1841). — The  skin  itself  to  which  the  sensory 
•nerve  runs,  especially  at  first,  may  be  very  sensitive;  and  when  the  neutalgia  is 
of  long  duration,  the  sensibility  may  be  diminished  even  to  the  condition  of 
analgesia  (Tiirck);  in  the  latter  case,  there  may  be  pronounced  aniesthesia  dolorosa 
(p.  1096). 

Diminution  or  paralysis  of  the  sense  of  pain  (hypalgia  and  analgia)  may 

l>e  due  to  affections  of  tiie  ends  of  the  nerves,  or  of  their  ooarss^  or  oenbnl 
terminations. 

Metalloscopy. — In  hysterical  patients  suffering  from  hemianesthesia,  itlis 
found  that,  the  feeling  of  the  paralysed  side  is  restored,  when  small  metallio  plates 
«r  larger  pieces  of  different  metals  aie  implied  to  the  aSetiUd  parts  (Boro^ 
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Charcot).  At  the  some  time  that  the  affected  part  recovers  its  sensibility,  the 
opposite  limb  or  tide  becomes  ansBsthetic.  This  condition  has  been  spoken  of  as- 
transference  of  sensibility.  The  phenomenon  is  not  due  to  galvanic  corrents^ 
developed  by  the  metals.  The  phenomenon  is  perhaps  explained  by  the  fact  that, 
nnder  physiological  conditions,  and  in  a  healthy  person,  every  increase  of  the 
sensibility  on  one  side  of  the  body,  produced  by  the  application  of  warm  metallic 
plates  or  bandages,  is  followed  by  a  diminution  of  the  sensibility  of  the  opposite 
side.  Conversely,  it  is  found  that  when  one  side  of  the  body  is  rendered  less 
sensitive  by  the  application  of  cold  plates,  the  homologous  part  of  the  other 
side  becomes  more  sensitive  (Rumpf  and  M.  Rosenthal). 


430.  The  Muscular  Sense. 

MuBcnlar  Senribilitj. — ^The  sensory  nerves  of  the  muscles  (§  292) 
always  convey  to  us  impressions  as  to  the  activity  or  non-activity  of 
these  organs,  and,  in  the  former  case,  these  impressions  enable  us  to 
judge  of  the  degree  of  contraction.  It  also  informs  us  of  the  amount 
of  the  contraction  to  be  employed  to  overcome  resistance.  Obviously^ 
the  muscular  sense  must  be  largely  supported  and  aided  by  the  sense 
of  pressure,  and  conversely.  R  H.  Weber  showed,  however,  that  the 
muscle  sense  is  finer  than  the  pressure  sense,  as  by  it  we  can  distin- 
guish weights  in  the  ratio  of  39  :  40,  while  the  pressure  sense  only 
enables  us  to  distinguish  those  in  the  ratio  of  29  :  30.  In  some 
cases^  there  has  been  observed  total  cutaneous  insensibility,  while  the 
muscular  sense  was  retained  completely.  A  frog  deprived  of  its  skin 
can  spring  without  any  apparent  disturbance.  The  muscular  sense  is 
also  greatly  aided  by  the  sensibility  of  the  joints,  bones,  and  fascise. 
Many  muscles — e.g,,  those  of  respiration — have  only  slight  muscular 
sensibility,  while  it  seems  to  be  absent  normally  in  the  heart  and  non- 
striped  muscle. 

[The  muscular  sense  stands  midway  between  special  and  common 
sensations,  and  by  it  we  obtain  a  knowledge  of  the  condition  of  our 
muscles,  and  to  what  extent  they  are  contracted ;  also  the  position  of 
the  various  parts  of  our  bodies,  and  the  resistance  offered  by  external 
bodies.  Thus,  sensations  accompanying  muscular  movement  are  two- 
fold— (a)  the  movements  in  the  unopposed  muscles,  as  the  movements 
of  the  limbs  in  space;  and  {b)  those  of  resistance,  where  there  is 
opposition  to  the  movement,  as  in  lifting  a  weight.  In  the  latter  case^ 
the  sensations  due  to  innervation  are  important,  and,  of  course,  in  such 
cases  we  have  also  to  take  into  account  the  sensations  obtained  from 
mere  pressure  upon  the  skin.  Our  sensations  derived  from  muscular 
movements  depend  on  the  direction  and  dnraiion  of  the  movements. 
On  the  sensations  thus  conveyed  to  the  sensorium,  we  form  judgments 
as  to  the  direction  of  a  point  in  space,  as  well  as  of  the  distance 
}>etween  two  points  in  space.    This  is  very  marked  in  the  case  of  the 
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ocular  muscles.  It  is  also  evident  that  the  muscular  sense  is  ultimately 
related  to,  and  often  combined  with,  the  exercise  of  the  sensations  of 
touch  and  sight  (Sully).] 

Methods  of  Testing. — Weights  are  wrapped  in  a  towel  aod  suBpeDded  to  the 
part  to  be  tested.  The  patient  estimates  the  weight  by  raising  and  lowering  it. 
The  electro-mtucular  senatbility  also  may  be  proved  thus;  caase  the  muscles  to- 
contract  by  means  of  induction  shocks,  and  observe  the  sensation  thereby  pro- 
duced. [Direct  the  patient  to  place  his  feet  together  while  standing,  and  then 
close  his  eyes.  A  healthy  person  can  stand  quite  steady,  but  in  one  with  th& 
muscular  sense  impaired,  as  in  locomotor  ataxia,  the  patient  may  move  to  and 
fro,  or  even  fall.  Again,  a  person  with  his  muscular  sense  impaired  may  not  be 
able  to  touch  accurately  and  at  once  some  part  of  his  body,  when  his  eyes  are 
closed.] 

Section  of  a  sensory  nerve  causes  disturbance  of  the  fine  gradation 
of  movement  (p.  828).  Meynert  supposes  that  the  cerebral  centre 
for  muscular  sensibility  lies  in  the  motor  cortical  centres,  the  muscles 
being  connected  by  motor  and  sensory  paths  with  the  ganglionic  cells 
in  these  centres. 

Too  severe  muscular  exercise  causes  the  sensation  of  fatigue,  oppres- 
sion, and  weight  in  the  limbs. 

Pathological.— Abnormal  increase  of  the  muscular  sense  is  rare  {muscular 
hyptrlagkb  and  hypercMthesia) ;  as  in  anzietas  tibiarum,  a  painful  condition  of 
unrest)  which  leads  to  a  continual  change  in  the  position  of  the  limbs.  In  cramp 
there  is  intense  pain,  due  to  stimulation  of  the  sensory  nerves  of  the  muscle,  and 
the  same  is  the  case  in  inflammation.  Diminution  of  the  muscular  sensibility 
occurs  in  some  choreic  and  ataxic  persons  (§  364,  5).  In  locomotor  ataxia  the 
muscular  sense  of  the  upper  extremities  may  be  normal  or  weakened,  while  it  is 
usually  considerably  diminished  in  the  legs.  [The  muscular  sense  is  said  to  btt 
increased  in  the  hypnotic  condition,  and  in  somnambulists.] 


Physiology  of  fieproduction  and 
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481.  Forms  of  Reproduction. 

!■  AbiOgeiieiil  (Oeneratio  aeqnivoc*,  live  gpontenea,  ipoDtanaons  gBotrtUx). 
— It  vu  formerly  kuumed  thmt,  imder  certun  circanutuiceB,  non-livinj;  n»tts 
dertTed  from  the  decompotitioii  of  orguiic  m&teruU  b«c«me  ckuiged  spontjuieaodf 
into  living  being!.  While  Aristotle  iscribed  ttiis  mode  of  origin  to  insects,  Uie 
recent  obwrvers,  who  advocate  thi*  fonn  of  genantion,  restrict  its  action  nlelf 
to  the  lowest  organisms.  Experimental  evidence  is  distinctly  against  spontiiKoa 
generation.  If  organised  matter  be  heated  to  a  vei7  high  temperature  in  kkIg^ 
tubes,  and  be  thus  deprived  of  all  living  orgauisnu  or  their  tpores,  there  iiM 
generstioii  of  any  organism.  Hence,  the  dictnm,  ' '  Onme  virum  ex  ovo  "  (Harrcr, 
or  tx  vivo}.  Some  highly  organised  invertebrate  animals  (Gordina,  Angnillsl*! 
Tardigntda,  and  Rotatoria}  may  be  dried,  and  even  heated  to  140°C. ,  and  yet  i^ii* 
their  vital  activities  on  being  moistened  (Anabiotit). 

II-  Divuioil  or  flsBion  occm-a  in  many  protozoa  (amceba,  infosoria}.  Tb' 
organism,  just  as  is  the  case  with  cells,  divides,  the  nncleua,  when  present  takiag 
an  active  part  in  the  process,  «o  that  two  nuclei  and  two  masses  of  protoplua 
forming  two  orgauisms  are  prodaced.  The  Ophidiaatera  amongst  the  echinadernu 
divide  spontaneously,  and  they  are  said  to  throw  olf  an  arm  which  may  devdiip 
into  a  complete  ftnimal.  According  to  Trembley  (1744),  the  hydra  may  be 
divided  into  pieces,  and  each  piece  gives  rise  to  a  new  individual,  [althon^^h  nndc 
normal  circumstances  the  hydra  gives  off  buds,  and  is  provided  with  generabvi 
organs], 

[Divilion  of  Cella.— Althongh  a  cell  is  defined  as  a  "noclealed  mm  of 
protoplasm,"  recent  researches  have   shown   that,   from  a  histological  point  d 


Intra- cellular 

nuclear  plexus  of  BbriU 
of  a  white  blood-cor- 
puscle with  two  nuclei 
(Knott,  after  Klein  and 
Noble-Smith). 


Fig.  460. 

Changes  in  a  cell  nucleus  daring 

karyokinesis. 
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▼iew,  a  cell  is  really  a  very  oomplex  stractiirB.  The  apparenily  homogeneous 
cell-Bahstance  is  tzayersed  by  a  fine  plezoB  of  fibrils,  ivitii  a  homogeneous  sub- 
stance in  its  meshiM,  while  a  similar  net-work  of  fibrils  exists  within  the  nucleus 
itself  (Fig.  459).  A  cell  may  divide  direeUy,  as  it  were,  by  simple  cleavage,  and 
in  the  process  the  nucleus  usually  divides  before  the  cell  protoplasm.  The 
nucleus  becomes  constricted  in  the  centre,  has  an  hour-glass  shape,  and  soon 
divides  into  two.  But  recent  observations,  confirmed  by  a  great  number  of 
investigators,  conclusively  prove  that  the  process  of  division,  in  oells  is  a  very 
complicated  one,  the  changes  in  the  nucleus  being  very  remarkable.  The  tenn 
karj0kill6Bl8»  or  indireci  dwinon,  has  been  applied  to  this  process.  Fig.  460 
shows  the  changes  that  take  place  in  the  nucleus.  The  intranuclear  net-work 
{a)  passes  into  a  camooliUicn  of  thinner  fibrils,  while  the  nuclear  envelope  becomes 
less  distinct,  the  fibrils  at  the  same  time  becoming  thicker  and  fonning  loops, 
which  gradually  arrange  themselves  around  a  centre  (c  and  d)  in  the  form  of  a  wrecUh 
or  rosette.  The  fibres  curve  round  both  at  the  periphery  and  the  centre;  but 
when  their  peripheral  connections  are  severed  or  dissolved,  we  obtain  a  star- 
shaped  form  or  aster,  composed  of  single  loops  radiating  from  the  centre  («). 
After  further  subdivision,  the  whole  is  composed  of  fine,  radiating  fibrils  (/), 
which  gradually  arrange  themselves  around  two  poles,  or  new  centres,  to  form  a 
dUuter,  or  double  star  {g),  the  two  groups  being  separated  by  a  substance  called 
the  e^puUorial  plate.  Each  of  the  groups  of  fibrils  becomes  more  elongated,  and 
forms  a  nuclear  spindle,  which  indicates  the  position  of  a  new  nucleus.  The  separate 
groups  of  fibrils  again  become  convoluted,  each  group  gets  a  nuclear  membrane, 
while  the  cell  protoplasm  divides,  and  two  daughter  nuclei  are  obtained  from  the 
original  cell.] 

III.  Badding  or  gemmatioil  occurs  in  a  well-marked  form  amongst  the  polyps 
and  in  some  infhsorians  (Vorticella).  A  bud  is  given  off  by  the  parent,  and 
gradually  comes  more  and  more  to  resemble  the  latter.  The  bud  either  remains 
permanently  attached  to  the  parent,  so  that  a  complex  organism  is  produced,  in 
which  the  digestive  organs  communicate  with  each  other  directly,  or  in  some  cases 
there  may  be  a  "  colony  "  with  a  common  nervous  system,  such  as  the  polyzoa. 
In  some  composite  animals  (siphonophora),  the  different  polyps  perform  diffiorent 
functions.  Some  have  a  digestive,  others  a  motor,  and  a  third  a  generative 
fanction,  so  that  there  ia  a  physiological  di\dsion  of  labour.  Buds  which  are 
given  off  from  the  parent  aro  formed  internally  in  the  rhizopoda.  In  some 
animals  (polyps,  infusoria),  which  can  reproduce  themselves  by  buds  or  division, 
there  is  also  the  formation  of  male  and  female  elements  of  generation,  so  that  they 
have  a  sexual  and  a  non-sexual  mode  of  reproduction. 

IV.  Conjugation  is  a  form  of  reproduction  which  leads  up  to  the  sexual  form. 
It  occurs  in  the  uniceUular  Gregarinse.  The  anterior  end  of  one  such  organism 
unites  with  the  posterior  end  of  another ;  both  become  encysted,  and  form  one 
passive  spherical  body.  The  conjoined  structures  form  an  amorphous  mass,  from 
which  numerous  globular  bodies  are  formed,  and  in  ea^h  of  which  numerous 
oblong  structures — the  pseudonavicelli — are  developed.  These  bodies  become,  or 
give  rise  to,  an  amoeboid  structure,  which  forms  a  nucleus  and  an  envelope^  and 
becomes  transformed  into  a  gregarina. 

Sexual  reproduction  requires  the  formation  of  the  embryo  firom  the  conjunc- 
tion of  the  male  and  female  I'eproductive  elements — the  sperm  cell  and  the  germ 
cell.  These  products  may  be  formed  either  in  one  individual  (hermaphroditism,  ae 
in  the  flat  worms  and  gasteropods),  or  in  tvjo  separate  organisms  (male  or  female). 
Sexual  reproduction  embraces  the  following  varieties  : — 

V.  Metamorphosis  is  that  form  of  sexual  reproduction  in  which  the  embryo  from 
an  early  period  undergoes  a  series  of  marked  changes  of  external  form,  e.g,f  the 
chrysalis  stage,  and  the  pupa  stage,  and  in  none  of  these  stages  is  reproduction 
.possible.   Lastly,  the  final  sexually  developed  form  (the  imago  stage  in  butterflies), 
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is  produoed,  which  forms  the  sexual  products  whose  union  gives  rise  to  organisms 
which  repeat  the  same  cycle  of  changes.  Metamorphosis  occnrs  extensively 
amongst  tiie  insects;  some  of  them  have  several  stages  (holo-metabolic),  and  otlieis 
have  few  stages  (hemi-metabolic).  It  also  occurs  in  some  arthropoda,  and  worms, 
e.g.,  trichina ;  the  sexual  form  of  the  animal  occurs  in  the  intestine,  the  numeroos 
larwB  wander  into  the  muscles,  where  they  become  encysted,  and  form  undeveloped 
sexual  organs,  constitoting  the  pupa  stage  of  the  muscular  trichina.  When  the 
encysted  form  is  eaten  by  another  animal,  the  sexual  organs  come  into  activity,  a 
new  brood  is  formed,  and  the  cycle  is  repeated.  Metamorphosis  also  occurs  in  the 
fsog  and  in  petromyson.  [This  is  really  a  condition  in  which  the  embryo  under^goes 
marked  changes  of  form  before  it  becomes  sexually  mature.] 

VX  AltematiOll  of  Generations  (Steenstmp).— In  this  variety,  some  of  tbe 
members  of. the  cycle  can  produce  new  beings  non-sexually,  while  in  the  final 
stage,  reproduction  is  always  sexuaL  From  a  medical  point  of  view,  the  life- 
hlBtory  of  the  tape-worm,  tcenia,  is  most  important.  The  segments  of  the  tape> 
worm  are  called  proghUides,  and  each  segment  is  hermaphrodite,  with  testes,  vas 
deferens,  perns,  ovary,  Ac,  and  numerous  ova.  The  segments  are  evacuated  with 
the  foBces.  The  eggs  are  fertilised  after  they  are  shed,  and  from  them  is 
developed  an  elliptical  emhryOf  provided  with  six  booklets,  which  is  swallowed  by 
another  animal,  the  host.  These  embryos  bore  their  way  into  the  tissues  of  the 
host,  where  they  undergo  development,  forming  the  CDcysted  stage  (C3r8ticercu8y 
ooenurus,  or  echioococcus).  The  encysted  capsule  may  contain  one  (cystioercus)  or 
many  (ooenurus)  sessile  heads  of  the  tenia.  In  order  to  undergo  further  develop- 
ment, the  cystioercus  must  be  eaten  alive  by  another  animal,  when  the  head  or 
Bcolex  fixes  itself  by  its  booklets  and  suckers  to  the  intestine  of  its  new  host^ 
where  it  begins  to  bud  and  produce  a  series  of  new  segments  between  the  head 
and  the  last-formed  segment,  and  thus  the  cycle  is  repeated. 

The  most  important  flat-worms  are : — Tcenia  solium,  in  man ;  the 
CysticercuB  cellulosae,  in  the  pig,  where  it  constitutes  the  measle  in 
pork;  Tcenia  mediocanellata,  the  encysted  stage  in  the  ox;  TcEtUa  coenurus, 
in  the  dog's  intestine ;  the  encysted  stage,  or  Coenorus  cerebralis,  in  the 
brain  of  the  sheep,  where  it  gives  rise  to  the  condition  of  ''  staggers ; " 
Tcetiia  echinococcus,  in  the  dog's  intestine ;  the  embryos  or  scolices  occur 
in  the  liver  of  man  as  "  hydatids." 

The  medusn  also  exhibit  alternation  of  generations,  and  so  do  some  insects, 
espedaUy  the  plant  lice  or  aphides. 

VIL  Parthenogenesis  (Owen,  v.  Siebold).— in  this  variety,  in  addition  to 
sexual  reproduction,  new  individuals  may  be  produced  without  sexual  union. 
The  non-sexuaUy  produced  brood  is  always  of  one  sex,  as  in  the  bees.  A  bee- 
hive contains  a  queen,  the  workers,  and  the  drones  or  males.  During  the  nuptial 
flight  the  queen  is  impregnated  by  the  males,  and  the  seminal  fluid  is  stored 
up  in  the  receptaculum  seminis  of  the  queen,  and  it  appears  that  the  queen  may 
voluntarily  permit  the  contact  of  this  fluid  with  the  ova  or  withhold  it.  All 
fertilised  eggs  give  rise  to  female,  and  all  unfertilised  ones  to  male  bees. 
'  VIIL  Sexual  reproduction  without  any  intermediate  stages  occnrs  in,  besides 
man,  mammals,  birds,  reptiles,  and  most  fishes. 

432.  Seminal  Fluid. 

Chemical  Composition. — The  seminal  fluid,  as  discharged  from  the 
urethra,  is  mixed  with  the  secretion  of  the  ghmds  of  the  vas  deferens 
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Fig.  461. 
Crystals  from  spermatic  flaid. 


Cowper's  glands  and  those  of  the  prostate^  and  with  the  fluid  of  the 
vesiculsB  seminales.  Its  reaction  is  neutral  or  alkaline,  and  it  contains  82 
per  cent,  of  water,  serum-albumin,  alkali-albuminate,  nuclein,  lecithin, 
cholesterin,  fats  (protamin?), 
phosphorised  fat,  salts  (2  per 
cent.),  especially  phosphates 
of  the  alkalies  and  earths, 
together  with  sulphates,  car- 
bonates, and  chlorides.  The 
odorous  body,  whose  nature 
is  unknown,  was  called  "spgr- 
matin  "  by  Vanquelin. 

Seminal  Fluid.— The  sticky, 

whitish -yellow  seminal  fluid, 
largely  composed  of  a  mixture 
of  the  secretions  of  the  above- 
named  glands,  when  exposed  to 
the  air,  becomes  more  fluid,  and 
on  adding  water  it  becomes 
gelatinous,  and  from  it  sepa- 
rates whitish,  transparent  flakes.  When  long  exposed,  it  forms  rhomboidal 
crystals,  which,  according  to  Schreiner,  consist  of  phosphatic  salts  with  an  organic 
base  (C2H5N).  These  crystals  (Fig.  461)  are  said  to  be  derived  frt>m  the  prostatic 
fluid,  and  are  identical  with  the  so-called  Charcot's  crystals  (Fig.  115,  c,  and  §  138, 
p.  275).  The  prostatic  fluid  is  thin,  milky,  amphoteric,  or  of  slightiy  acid 
reaction,  and  is  possessed  of  the  seminal  odour.  The  phosphoric  add  necessary 
for  the  formation  of  the  crystals  is  obtained  from  the  seminal  fluid.  A  somewhat 
similar  odour  occurs  in  the  albumin  of  eggs  not  quite  fresh.  The  secretion  of  the 
Yosiculffi  seminales  of  the  guinea-pig  contains  much  fibrinogen  (Hensen  and, 
Landwehr). 

The  spermatozoa  are  50  /x  long,  and  consist  of  a  flattened  pear- 
shaped  head  (Fig.  462,  1  and  2,  h),  which  is  followed  by  a  rod-shaped 
middle  jnece,  m  (Schweigger-Seidel)  and  a  long  tail-like  prolongation  or 
cUium,f.  The  whole  spermatozoon  is  propelled  forwards  by  the  to- 
and-fro  movements  of  the  tail,  at  the  rate  of  0*05-0*5  mm.  per  second; 
the  movement  is  most  rapid  immediately  after  the  fluid  is  shed,  but  it 
gradually  becomes  feebler. 

G.  Retzius  describes  a  special  terminal  filament  (Fig.  462,  e).  An  axial  thread, 
surrounded  by  an  envelope  of  protoplasm,  traverses  the  middle  piece  and  the  tail 
<£imer,  v.  Braun). 

Finer  Stmcture. — The  observations  of  Jensen  have  shown  that  the  middle 
piece  and  head  are  still  more  complex,  although  this  is  not  the  case  in  human 
apermatozoa  and  those  of  the  buH  (6.  Retzins).  These  consist  of  a  flattened,  long, 
narrow,  transparent,  protoplasmic  mass,  with  a  fibre  composed  of  many  delicate 
threads  in  both  margins.  At  the  tip  of  the  tail  both  fibres  unite  into  one.  The 
fibre  of  the  one  margin  is  generally  straight ;  the  other  is  thrown  into  wave-like 
folds,  or  winds  in  a  spiral  manner  round  the  other  (W.  Krause,  Gibbes).    [Leydig 


1104 


MOnON  OF  THE  SPJCRMATOZOA* 


showed  that  in  the  ■Alamander  there  is  a  delicate  membrane  attached  to  tfae'tail* 
and  Gibbes  has  described  a  spiral  thread  attached  to  the  head  (newt)  and  connected 
with  the  middle  piece  by  a  hyaline  membrane.] 


^10 


Fig.  402. 

Spermatozoa — 1,  hnman  ( x  600),  the  head  seen  from  the  side;  2,  seeD  on  edge ;  k^ 
head ;  m,  middle  piece ;  /,  tail ;  «,  terminal  filament  (Betziua) ;  3,  from  the 
mouse ;  4,  bothriooephalas  latns ;  5,  deer ;  6,  mole ;  7,  green  woodpecker ;  8, 
black  swan ;  9,  from  a  cross  between  a  goldfinch  (M)  and  a  canary  (F);  10,  from 
cobitis  (A.  Ecker). 

Motion  of  the  SpermatOIOIk^IAfter  the  discharge  of  the  seminal  fluid,  the 
spermatozoa  exhibit  spontaneous  movements  for  many  hours  or  days.]  The  move- 
ments are  due  to  the  lashing  movements  of  the  tail,  which  moves  in  a  circle  or 
rotates  on  its  long  axis,  the  impulse  to  movement  proceeding  from  the  protoplasm 
of  the  middle  piece  and  the  tail,  which  seem  to  be  capable  of  moving  when  they 
are  detached  (Eimer).  These  movemeuts  are  comparable  to  those  that  occur  in. 
cilia  (§  2d2),  and  there  are  transition  forms  between  ciliary  and  amoeboid  move- 
ments, as  in  the  Monera.  Within  the  testis  they  do  not  exhibit  movement,  as  the 
fluid  is  not  sufiiciently  dilute  to  permit  them  to  mova  Their  movements  ar» 
specially  lively  in  the  normal  secretion  of  the  female  sexual  organs  (Bischoff),  and 
they  move  pretty  freely,  and  for  a  long  time,  in  all  normal  animal  secretions  except 
saliva.  Their  movements  are  paralysed  by  water,  alcohol,  ether,  chloroform, 
creosote,  gum,  dextrin,  vegetable  mucin,  syrup  of  grape-sugar,  or  very  alkaline  or 
acid  uterine  or  vaginal  mucus  (Donn^),  acids  and  metallic  salts,  and  a  too  high  or 
too  low  temperature.  The  narcotics,  as  long  as  they  are  chemically  indifferenty 
behave  as  indifierent  fluids,  and  so  do  medium  solutions  of  nrea,  sugar,  albumin, 
common  salt,  glycerin,  amygdalin,  Ac ;  but  if  these  be  too  dilute  or  too  concen- 
trated, they  alter  the  amount  of  water  in  the  spermatozoa  and  paralyse  them. 
The  quiescence  produced  by  water  may  be  set  asidB  by  dilute  alkalies  (VirchowX 
as  with  cilia  (p.  613).    Engelmann  finds  that  minute  traces  of  acids,  alcohol^  and 
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«ttMr  «zelte  movementft.  The  apernuktoaMt  of  the  fmg  may  be  frozen  feur  timea  in 
sncoeaaion  without  killing  them.  They  bear  a  heat  of  43'76°C.,  aud  they  will  live 
for  70  days  when  placed  in  the  abdomimd  cavity  of  tmother  frog  (Mantegazza). 

ReaistftncS. — Owing  to  the  large  amount  of  earthy  salts  which  they  contain, 
when  dried  npon  a  microecopical  slide,  they  still  retain  their  form  (Valentin). 
Their  form  Is  not  destroyed  by  nitijc,  anlphnria,  hydrochlorie,  or  boiling  acetic 
acid,  or  l^  canatic  alkaliea;  solatioiis  of  NoCI  and  saltpetre  {10-15  per  cent.) 
change  them  into  atnorphona  maasca.  Their  organic  baaii  reiemblea  the  semi-Bolid 
albumin  of  epithelium. 

Seminal  fluid,  beeidea  spermatozoa,  also  contuna  atminal  ceils,  a  few  epithelial 
cells  from  the  aeminal  paasages,  nnmerooa  lecithin  grannies,  stratilied  amyloid 
bodies  (inconstant),  gruunlar  yellow  pigment,  especially  in  old  age,  leacocytes,  and 
sperma  orystab  (FOrbinger). 

Derelopiiieiit  of  Spermatozoa — The  walk  of  the  Beminal  tubules,  n 
which  are  made  up  of  epindle-sbaped  cella,  are  lined  by  a  nucleated, 
protoplasmic  layer  (Fig.  i63, 1,  b  and  IV,  A),  from  which  there  project 
into  the  lumen  of  the  tube,  long  (0'053  mm.),  column-like  prolongations 
(I,  e,  and  II,  in,  IV),  which  break  up  at  their  free  end  into  several 
round  or  oval  lobules  (II),  the  spermatoblasts  (v.  Ebner);  these  consist 
of  soft,  finely  granular  protoplasm,  and  usually  have  an  oval  nocleas  in 
their  lower  part.  During  development,  each  lobule  of  the  spermato- 
blast elongates  into  a  tail  (IT,  r),  while  the  deeper  part  forms  the  head 
and  middle  piece  of  the  future  apennatozoon  (IV,  k).  At  this  stage, 
the   spermatoblast  is   like  a  greatly  enlarged,  irregular,  cylindrical, 


Fig.  463. 
Semi-diagrammatio  ipermatogenesia :  T,  Transverse  section  of  a  seminal  tabule— 
o,  membrane;  &,  protoplasmic  inner  lining;  c,  spermatoblast;  b,  aeminal  ceils. 
II,  Unripe  epeimatoblasl^^,  ronnded  davate  lobnlea ;  p,  seminal  cells.  IV, 
Spermatoblast,  with  ripe  •permatoEoa  (i)  not  yet  detached ;  toil,  r ;  n,  wall  of 
the  seminal  tnbole ;  h,  its  protoplaamic  layer.  Ill,  SpermatobUit  with  » 
free,!. 


epithelial  cell.  When  development  is  complete,  the  head  and  middle 
piece  are  detached  (III,  t),  and  ultimately  the  remwning  part  of  the 
Bpermatoblast   nndergoes  fat^  degeneration.      Not  unfrequently  in 
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spermatozoa,  we  may  observe  a  small  mass  of  protoplasm  adhering  to 
Uie  tail  and  the  middle  piece  (III,  I).  Between  the  spennatoblasts  are 
numerous,  round,  amoeboid  cells  devoid  of  an  envelope,  and  connected 
to  each  other  by  processes.  They  seem  to  secrete  the  fluid  part  of  the 
semen,  and  they  may  therefore  be  called  seminal  eella  (I,  s,  II,  III,  IV, 
p).  A  spermatozoon,  therefore,  is  a  detached,  independently  mobile 
cilium  of  an  enlai^ed  epithelial  cell.  Some  observers  adhere  to  the 
view  that  the  spermatozoa  are,  in  part  at  least,  formed  within  round 
«ells,  by  a  process  of  endogenons  development 

Shape-— The  tpeRiuttoiok  of  moat  «n;ni«l.  ^re  like  cilim  with  luger  or  anuller 
faeads.  The  head  is  elliptical  (mammtda),  or  pear-shaped  (mamnuJs),  or  cylin- 
drical (bird*,  amphibiuis,  fish),  or  cork-icrsw  (siDgiiig  birds,  palndiiw),  or  meiel; 
like  hun  (iaeecta  — Fig.  462).  Immobile  aeminal  cells,  quite  differeot  from  Uie 
ordinary  foima  occur  in  mympoda  and  the  oyater. 

433.  The  Ovary— Ovum— Uterus. 

[Structure  of  the  Oniy  (Fig.  464). — The  ovary  consiatB  of  a  con- 
nectire-tissne  framework,  with  blood-vessels,  serves,  lymphatics,  and 
numerous  non-striped  muscular  fibres.  The  ova  are  embedded  in  this 
matrix.  The  surface  of  the  ovary  is  covered  with  a  layer  of  columnar 
epithelium  (Fig.  465,  e),  the  remains  of  the  germ-epWuUum.  The  most 
superficial  layer  is  called  the  albuffinea ;  it  does  not  contain  any  ova. 
Below  it  is  the  cortical  layer  of  Schron,  which  contains  the  smallest 
Graafian  follicles  (jiff  inch — Fig.  464),  while  deeper  down  are  the 
larger  follicles,  tit  to  tJj  inch.  There  are  40,000-70,000  follicles  in 
the  ovary  of  a  female  infant.  Each  ovum  lies  within  its  follicle  or 
Cranfian  vesicle.] 


Section  of  a  cat's  ovarj  (Schrtln).     The  place  of  attachment  or  hilam  ii  below. 
On  the  left  is  a  corpus  loteom  (Barbonr  and  Hart). 
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Strnctnpe  of  an  Ovum. — The  human  ovum  (C.  E,  v.  Baer,  1827)  a 
fli8-02  mm.  [yj^  >■»■]  ii»  diameter,  and  is  a,  spherical  cellular  bo«^ 
with  a  thick,  solid,  elastic  envelope,  the  zt>na  pdhtdda,  with  radiating 
8tri».  The  zona  pellucida  encloses  the  cell-contents,  represented  by 
the  protoplasmic,  granular,  contractile  vitelltts  or  yelk,  which  in  torn 
contains  the  eccentrically  placed  spherical  nucleus  or  germtiuU  veskle 
(40-50  fi — Purkinje,  1825  ;  Coate,  1834).  The  germinal  vesicle  con- 
tains tie  nucleolus  or  germinal  spot  (5-7  /* — R.  Wagner,  1835),  The 
chemkal  composition  ia  given  in  g  233. 


Section  of  u  ovary  (Tamer)— e,  Germ-epithelimn ;  1,  large  sized  foUIolea;  2,  2, 
middle  sized,  and  3,  3,  Bm&ller  aized  follicles;  o,  ovnm  within  a  Graafian 
follicle ;  v,  c,  blood-vessels  of  the  stroma;  g,  cells  of  the  membntna  granulosa 
(Hart  and  Bsibonr). 

[Oram,  CeU. 

Zona  pellucida  corresponds  to  the  Cell-wall 
Vitellua  „  „       Cell-contents. 

Germinal  yesicle       „  „       Nucleus, 

Germinal  spot  „  „        Nucleolus.] 

[This  arrangement  shows  the  corresponding  parts  in  a  cell  and  the 
ovum,  and  in  fact  the  ovum  represents  a  typical  cell.] 

The  sona  pellucida  (Fig.  466,  V,  Z),  to  which  cells  of  tlie  Graafian 
follicle  are  often  adherent,  is  a  cuticular  membrane  formed  secondarily 
by  the  foUicle  (Pflilger).  According  to  van  Beneden,  it  is  lined  by  a 
thin  membrane  next  the  vitellus,  aod  he  regards  the  thin  membrane 
as  the  original  cell  membrane  of  the  ovum.     The  fine  radiating  striis 

38 
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in  the  zona  are  sud  to  he  doe  to  the  existence  of  nnmerotu  canak 
(KoUiker,  v.  Sehlen),  It  is  still  undecided  whether  there  is  a  epeeia} 
micropyk  or  hole  for  the  entrance  of  the  spennatozoK. 

A  micro^Ie  Ium  bMB  obeerred  in  tome  ova  (bolothnriana,  nuuiy  flthei, 
rnnauli).  Tbo  otk  of  loine  «■"'"' n'"  {many  insects,  t,g.,  the  flek)  have  porooB 
eanalt  in  lome  part  of  their  xooa,  and  these  eerre  both  for  the  mtranoe  of  the 
■permatosoa,  aud  for  the  leapirator;  exchange*  in  the  ovnm. 

The  derelopment  of  the  on  takes  place  in  the  following  manner: 
—The  anrface  of  the  ovaiy  is  covered  with  a  layer  of  cylindrical 
epithelium — tlie  so-called  "germ-qMeUttm" — and  between  these  cells 
lie,  somewhat  spherical,  "  primordial  ova "  (Fig.  466, 1,  a,  a).  The 
epithelium  covering  the  surface  dips  into  the  ovaiy  at  various  places  to 
form  "  ovorton  tubes  "  (Waldeyer).  These  tubes,  from  and  in  which 
the  ova  are  developed  (Waldeyer),  become  deeper  and  deeper,  and  they 


m 

Fig.  466. 
I,  An  OTuiaii  tube  in  prooen  of  development  (new-born  girl) — a,  a,  Tonng  ova 
between  the  epithelial  oells  on  the  sDrface  of  the  0VM7;  b,  the  ovuian  tabe 
with  ova  And  epithelial  celli ;  e,  a  amall  follicle  cat  off  and  enclosing  on  onun. 
II,  Open  OTarian  tube  from  a  bitch.  Ill,  IsoUted  primordial  onun  (humin). 
IT,  Older  follicle  with  two  ova  (o,  0)  and  tile  tunica  grannlosa  (g}o{t  bitch. 
T,  Part  of  the  snrface  of  a  ripe  omm  of  a  rabbit — x,  Zona  pellncida;  d, 
vitellns;  «,  adherent  cells  of  the  membraoa  granidon  (after  Waldeyer). 
TI,  First  pcdai  globnie  formed.  Vil,  FormatiDn  of  the  second  polar 
gk>bale  (Fol). 


IT 
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contain  in  their  interior  large,  single,  spherical  cells  with  a  nuclens  and 
a  nncleolus,  and  other  smaller  and  more  numerous  cells  lining  the 
tube.    The  large  cells  are  the  cells  {primordial  oua)  that  are  to  develop 
into  ova,  while  the  smaller  cells  are  the  epithelium  of  the  tube,  and 
are  direct  continuations  of  the  cylindrical  epithelium  on  the  surface  of 
the  ovary.    The  upper  extremities  of  the  tubes  become  closed,  while 
the  tube  itself  is  divided  into  a  number  of  rounded  compartments — 
snared  off,  as  it  were,  by  the  ingrowth  of  the  ovarian  stroma  (I,  e). 
Each  compartment  so  snared  off  usually  contains  one,  or  at  most  two, 
ova  (lY,  0,  o),  and  becomes  developed  into  a  Graafian  follicle.     The 
embryonic  follicle  enlarges,  and  fluid  appears  within  it ;  while  its  lateral 
small  cells  become  changed  into  the  epithelium,  lining  the  Graafian 
follicle  itself,  or  those  of  the  membrana  granulosa.     The  cells  of  the 
membrana  granulosa  fonn  an  elevation  at  one  part — the  discus  prcli- 
gerus — ^by  which  the  ovum  is  attached  to  the  membrana  granulosa. 
The  follicles  are  at  first  only  0*03  mm.  in  diameter,  but  they  become 
larger,  especially  at  puberty.     [The  smaller  ova  are  near  the  surface  of 
the  ovary,  the  larger  ones  deeper  in  its  substance  (Fig.  464)].    When 
a  Graafian  follicle,  with  its  ovum,  is  about  to  ripen  (IV),  it  sinks  or 
passes  downwards  into  the  substance  of  the  ovary,  and  enlarges  at  the 
same  time  by  the  accumulation  of  fluid — the  liquor  foUicuii — ^between 
the  tunica  and  membrana  granulosa.     It  is  covered  by  a  vascular 
outer  membrane — the  theca  foUiculi — ^which  is  lined  by  the  epithelium 
constituting  the  membrana  granulosa  (lY,  g).   When  a  Graafian  follicle  is 
about  to  burst,  it  again  rises  to  the  surface  of  the  ovary,  and  attains  a 
diameter  of  1*0-1 '5  mm.,  and  is  now  ready  to  burst  and  discharge  its 
ovum.      [The  tissue  between  the  enlarged  Graafian   follicle  and  the 
surface  of  the  ovary  gradually  becomes  thinner  and  thinner  and  less 
vascular,  and  at  last  gives  way,  when  the  ovum  is  discharged,  and  caught 
by  the  fimbriated  extremity  of  the  Fallopian  tube  embracing  the  ovary, 
so  that  the  ovum  is  shed  into  the  Fallopian  tube  itself.]     Only  a  small 
number  of  the  Graafian  follicles  undergo  development  normally,  by 
far  the  greatest  number  atrophy,  and  never  ripen.     (The  study  of  the 
development  of   the   ova   and   ovary  was   advanced  particularly  by 
Martin  Barry,  Pfliiger,  BiUroth,    Schron,    His,  Waldeyer,   Eolliker, 
Roster,  Lindgren,  Schulin,  Foulis,  Balfour,  and  other&) 

Acoording  to  Waldeyer,  the  mammalian  ovnm  is  not  a  simple  cell,  but  a  com- 
pound structare.  The  original  primitive  ovum  is,  according  to  him,  formed  only 
of  the  germinal  vesicle  and  germinal  spot,  with  the  surrounding  membranous  clear 
part  of  the  vitellus  (Fig.  466,  III).  The  remainder  of  the  vitellus  is  developed  by 
the  transformation  of  granulosa  cells,  which  also  form  the  zona  pellucida. 

Holoblaatic  and  Meroblastic  Ova-— The  ova  of  frogs  and  cyclostomata  are 
built  on  the  same  type  as  mammalian  ova ;  they  are  called  holohUutic  ova,  because 
all  their  contents  go  to  form  cells  which  t«^e  part  in  the  f  ormatktt  of  the  embryo. 


I  no  STRUCTURE  OF  A  HEN'S  EGG. 

lo  contrart  with  these,  the  birds,  the  monotremes  alone  amongst  the  msimnals 
(Caldwell),  the  reptiles,  and  the  other  fishes  have  merobkuHc  ova  (Reichert).  The 
latter,  in  addition  to  the  white  or  formative  yelk,  which  oorrespondfl  to  the 
yelk  of  the  holoblastic  eggs,  and  gives  rise  to  the  embryonic  cells,  contains  the 
food-yelk  (yellow  in  birds),  and  which,  daring  development,  is  a  reserve  store 
of  food  for  the  developing  embryo. 

Heil'B  Egg.^The  small,  white,  ronnd,  finely  granular  speck,  the  decUrieuIa 
blastoderm,  or  tread,  which  is  2*5-3 '5  mm.  broad  and  0*28-0 '37  thick,  lying  upon 
the  surface  of  the  yellow  yelk,  corresponds  to  the  contents  of  the  mammal ian 
OYun,  and  is,  therefore,  the  formative  yelk.    [The  cicatricula  in  an  nnincubated 
egg  is  always  uppermost  whatever  the  position  of  the  egg,  provided  the  contents 
can  rotate  freely,  and  this  is  due  to  the  lighter  specific  gravity  of  that  part  of  the 
yelk  in  connection  with  the  cicatricula.    In  a  fecundated  egg  the  cicatricola  has  a 
white  margin  (the  area  opaea),  surrounding  a  dear  transparent  area,  the  beginning 
of  the  area  f^ellucida,  containing  an  opaque  spot  in  its  centre.    If  an  egg  be  boiled 
very  hard  and  a  section  made  of  the  yelk,  it  will  be  found  to  consist  of  alternating 
layers  of  white  and  yellow  yelk.    The  outermost  layer  is  a  thin  layer  of  white  yelk, 
which  is  slightly  thicker  at  the  margin  of  the  cicatricula.     Within  the  centre  of 
the  yelk  is  a  flask-shaped  mass  of  white  yelk,  the  neck  of  the  flask  being  connected 
with  the  white  yelk  outside.     This  flask-shaped  mass  does  not  become  so  hard  on 
being  boiled,  and  its  upper  expanded  end  is  known  as  the  ''nucleus  of  Pander,** 
The  great  mass  of  the  yelk  is  made  up,  however,  of  yellow  yelk.]    tticrOSOO* 
pically,   the  yello%D  yelk  consists  of  soft,  yellow  spheres  of  from  2S-100  m  i& 
diameter,  and  tbey  are  often  polyhedral  from  mutual  pressure.     [They  are  very 
delicate  and  non-nucleated,  but  filled  with  fine  granules,   which  are,    perhaps, 
proteid  in  their  nature,  as  they  are  insoluble  in  ether  or  aloohoL     They  are 
developed  by  the  proliferation  of  the  granulosa  cells  of  the  Graafian  follicle,  which 
also  seem  ultimately  to  form  the  granulo-fibrous  double  envelope  or  the  viteUine 
membrane  (Eimer).     The  whole  yelk  of  the  hen's  egg  is  regarded  by  some  observers 
as  equivalent  to  the  mammalian  ovum  plus  the  corpus  luteum.     Microscopically, 
the  tohUe  yelk  consists  of  small  vesicles  (5-75  m)  containing  a  refractive  substance 
and  larger  spheres  containing  several  smaller  spherules.      The  whole  yelk  is 
enveloped  by  the  vitelline  membrane,  which  is  transparent,  but  possesses  a  fine 
fibrous  structure,  and  it  seems  to  be  allied  to  elastic  tissue.]    When  the  yelk  is 
fully  developed  within  the  Graafian  follicle  of  the  hen's  ovarium,  the  follicle  bursts 
and  dlBcharges  the  yelk,  which  passes  into  the  oviduct,  where  in  its  passage  it 
rotates,  owing  to  the  direction  of  the  folds  of  the  mucous  membrane  of  the  oviduct. 
The  numerous  glands  of  the  oviduct  secrete  the  albumin,  or  white  of  the  egg,  which 
is  deposited  in  layers  around  the  yelk  in  its  passage  along  the  duct,  and  forms  at 
the  anterior  and  posterior  poles,  the  chakaae.    [The  chalazao  are  two  twisted 
cords  composed  of  twisted  layers  of  the  outer  denser  part  of  the  albumin.    They 
extend  from  the  poles  of  the  yelk  not  quite  to  the  outer  part  of  the  albumin.] 
[The  albumin  is  invested  by  the  membrana  testacea^  or  shell  membrane,  which  is 
composed  of  two  layers—an  outer  thicker  and  an  inner  thinner  one.     Over  the 
greater  part  of  the  albumin  these  two  layers  are  united,  but,  at  the  broad  end  of 
the  hen's  egg,  they  tend  to  separate,  and  air  passing  through  the  porous  shell 
separates  them  more  and  more  as  the  fluid  of  the  egg  evaporates.    This  air  space 
is  not  found  in  fresh  laid  eggs.]    The  layers  consist  of  spontaneously  coagulated, 
keratin-like  fibres  arranged  in  a  spiral  manner  around  the  albumin  (Lindvall  and 
Hamarsten).    [External  to  this  is  the  test,  or  shell,  which  consists  of  an  organic 
matrix  impregnated  ^ath  lime  salts.]    The  shell  consists  of  albumin  impregnated 
with  lime  salts,  which  form  a  very  porous  mortar.     [The  shell  is  porous,  and  its 
inner  layer  is  perforated  by  vertical  canals,  through  which  the  respiratory  exchange 
of  the  gases  can  take  place.]    In  the  eggs  of  some  birds  there  is  an  outer  stroc- 
tureless,  porous,  slimy,  or  fatty  cuticula.    The  shell  is  secreted  in  the  lower  put 
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nil 


of  the  oviduot.  The  shell  i*  psrtlj  aaed  up  for  the  development  of  the  bones  of 
the  chick  {Proat,  Gmwa,  slttiongh  this  is  denied  by  Folt  and  Frejer).  The  [ngment 
which  often  occurs  in  many  layers  on  the  snrikce  of  the  eggs  of  some  birds  appears 
to  be  B  derivative  of  htemoglohin  and  bilirerdin. 

Chemical  CompOBitloiL  — The  yellotii  yiit  is  alkaline  and  coloured  yellow  owing 
to  the  presence  of  lattm  which  contains  iron  It  contains  several  proteids  (includ- 
ing a  globulm  body  called  vUtUia  p  602]   a  body  resembling  nnclem   lecithin. 


acid   cbalesterin    olein    polmitin    dextrose  potosnc 


I  itellin  glycerin  phoaphoi 
chlonde  iron  earthy 
phosphates  flnonc,  and 
Bilicic  acidi.  The  pres 
BDco  of  cerebrm,  glyco 
gen,  and  starch  is  un 
certain  [Daresta  states 
that  starch  is  present.] 

[The  allmmiiL  of  egg: 
contains — water  86  per 
cent  proteids,  12  fat 
and  extractives  1 B 
Bolme  matter  including 
sodic  and  potasaic  chlor 
ides  phosphates  and 
aulphates    6  per  cent.] 

[The  nteniB  a  thick 
hollow  muscular  or 
gan  IS  covered  ex 
ternally  by  a  serous 
coat  and  lined  in 
temally  by  a  mucous 
membrane  while  be- 
tween the  two  IB  the 
thick  muscular  coal 
composed  of  smooth  Vertical  section  of  the 
muscular  fibres  ar- 
ranged in  a  great 
number  of  layers  and 
in  different  directions. 
The  muacularis  mucoase  is  very  well  deTeloped,  while  the  mucous  mem- 
brane is  lined  by  a  single  layer  of  columnai  ciliated  epithelium.  A 
vertical  section  shows  the  mucous  membrane  to  contain  nnmerous 
tubular  glands  (Fig.  467) — the  uierine  glands — which  branch  towards 
their  lower  ends.  They  have  a  membrana  propria,  and  are  lined  by  a 
single  layer  of  ciliated  epithelium,  a  small  lumen  being  left  in  the 
centre.  The  utricular  glands  are  not  formed  during  intrauterine  life 
(Turner),  nor  are  there  any  glands  in  the  human  uterus  at  birth  (G.  J. 
Engelmann).] 

[In  the  cervix  the  mucous  membrane  is  folded,  presenting  in  the  vi^in 


Fig.  467. 

membrane  of  the  hnman 
nterua  (Turner) — e,  colamnar  epithelium,  the  cilia 
absent;  g  g,  utricular  glands;  c  t,  inter- glandular 
connective-tlssne ;  v  v,  blood-vessels ;  m  ffl,  mnscU' 
laris  tuncosie  (Hart  and  Borbonr). 
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the  appearance  known  aa  the  arbor  vits.  Tlie  external  sorfitce  of 
the  vaginal  part  of  the  neck  is  covered  by  stratified  aqnamoiis  epithe- 
lium, like  the  vagina.] 

[The  Alloxan  tnbea  are  realif  the  ducta  of  the  ovaries  (Fig.  468). 


Iisft  broad  ligament,  Fallopian  tnbe,  ovary,  and  parovarinm  (Hanle)— a,  atemai  6, 
uthmiu  ol  Fallopian  tnbe ;  e,  Mnptilla ;  g,  fimbriated  end  of  the  tube,  irith 
ths  parovarinm  to  its  light;  (,  ovary;  /,  ovarian  ligament  (Hart  and  Barbour). 

They  consiat;  of  a  eeroua,  mnacular  (an  eztemal,  longitudinal,  and  an 
internal  circular  layer),  and  a  macoua  layer  lined  by  a  aingle  layer  of 
ciliated  colnnmar  epithelium,  but  no  glanda.] 


434.  Puberty. 

The  term  puberty  ia  applied  to  the  period  at  which  a  human  being 
becomea  capable  of  procreating,  which  occnre  from  the  13th-15th 
yeara  in  the  female  and  the  14th-l6th  in  the  male.  In  warm  climatee, 
puberty  may  occur  in  girls  even  at  8  years  of  age.  Towards  the 
40th-50th  year,  the  procreative  faculty  ceaaea  in  the  female  with  the 
ceaaation  of  the  menses;  this  constitutes  the  mertopause  or  grand 
dtmoctertc,  whilst  in  man,  procreation  baa  been  obaerved  up  to  any  age. 
From  the  period  of  puberty  onwards,  the  sexual  appetite  occurs,  and 
the  ripe  ova  are  discharged  from  the  ovary.  [It  seems,  however,  that 
ova  are  discharged  even  before  puberty  or  menstruation  has  occurred.] 
At  puberty,  the  internal  and  eztemal  generative  organs  and  their 
annexes  become  more  vascular  and  undergo  development ;  the  pelvis  of 
the  female  aasumes  the  characteristic  female  shape.     For  the  changes 
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in  the  mammse  see  §  230.  At  the  same  time  hair  is  developed  on  the 
pnbes  and  axilla,  and  in  the  male  on  the  face,  while  the  sebaceons 
glands  become  larger  and  more  activa 

Other  dumgOB  occur  especially  in  the  lartfnx.  In  the  boy  the  larynx  elongates 
in  its  antero-posterior  diameter,  the  thyroid,  or  Adam's  apple,  becomes  mxa^ 
prominent,  while  the  vocal  cords  lengthen,  so  that  the  voice  is  hoarse,  or  hnsky, 
or  ''breaks,"  the  voice  being  lowered  at  least  an  octave.  In  the  female,  the 
larynx  becomes  longer,  while  the  compass  of  the  Yoice  is  increased.  The  vital 
capacity  (p.  228)  corresponding  to  the  increase  in  the  size  of  the  chest,  undergoes  a 
considerable  increase;  the  whole  form  and  expression  assume  the  chiiracteristic 
sexual  appearance,  while  the  psychical  energies  also  receive  an  impulse. 


435.  Menstruation. 

External  Sigiui. — ^At  regular  intervals  of  time,  of  27^28  days,  in  a 
mature  female,  there  is  a  rupture  of  one  or  more  ripe  Graafian  follicles, 
while,  at  the  same  time,  there  is  a  discharge  of  blood  from  the  external 
genitals.  This  is  known  as  the  process  of  menstruation  (or  menses, 
catamenia,  or  periods).  Most  women  menstruate  during  the  first 
quarter  of  the  moon,  and  only  a  few  at  new  and  full  moon  (Strohl). 
In  mammals,  the  analogous  condition  is  spoken  of  as  the  period  of 
heat  [or  the  '^rut"  in  deer].  There  is  a  slightly  bloody  discharge 
from  the  external  genitals  in  camivora,  the  mare,  and  cow  (Aristotle), 
while  apes,  in  their  wild  condition,  have  a  well-marked  menstrual 
discharge  (Neubert). 

The  onset  of  menstruation  is  usually  heralded  by  constitutional  and  local 
phenomena— there  is  an  increased  feeling  of  congestion  in  the  internal  generative 
organs,  pain  in  the  back  and  loins,  tension  in  the  region  of  the  u^ierus  and  ovaries, 
which  are  sensitive  to  pressure,  fatigue  in  the  limbs,  alternate  feeling  of  heat  and 
•cold,  and  even  a  slight  increase  of  the  temperature  of  tiie  skin  (Eersch).  There  may 
l)e  retardation  of  the  process  of  digestion,  and  variations  in  tiie  evacuation  of  the 
faeces  and  urine,  and  in  the  secretion  of  sweat.  The  discharge  is  alimy  at  first, 
and  then  becomes  bloody ^  lasting  3  to  4  days ;  the  blood  is  venous,  and  shows 
little  tendency  to  coagulate,  provided  it  is  mixed  with  much  alkaline  mucus  from 
the  genital  passages ;  but,  if  the^  hnmorrhage  be  free,  the  blood  may  be  dotted. 
The  quantity  of  blood  is  100-200  grms.  After  cessation  of  the  disoluffge  of  blood, 
there  is  a  moderate  amount  of  mucus  given  off. 

The  characteristic  internal  phenomena  which  accompany  menstrua- 
tion are: — 1,  The  changes  in  the  uterine  mucous  membrane;  and  2, 
the  rupture  of  the  Graafian  follicle. 

Changes  in  the  Uterine  Mucoua  Membrane. — ^The  uterine  mucous 
membrane  is  the  chief  source  of  the  blood.  The  ciliated  epithelium  of 
the  congested,  swollen,  and  folded,  soft,  thick  (3-6  mm.)  mucous 
membrane  is  shed.  The  orifices  of  the  numerous  mucous  glands  of  the 
mucous  membrane  are  distinct,  and  the  cells  undergo  fcMy  degeneraiionf 
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and  BO  do  the  tisBoe  and  the  blood-vessels  lying  betreen  the  gtand& 
Hub  fatty  degeneratioii  and  the  excretion  of  the  d^enerated  tissue 
occur,  however,  only  in  the  auperficial  layers  of  the  mucosa,  Those 
blood-vessels,  when  torn  across,  yield  the  blood.  The  deeper  layers 
remain  intact,  and  &om  them,  after  menstruation  is  over,  the  new 
mnoous  membrane  is  developed  (Knndrat  and  Cr.  J.  Engelmann). 

[According  to  Williams,  the  entire  mucous  membrane  is  removed  at 
each  menstrual  period,  and  It  is  regenerated  from  the  muscular  coat 
(Fig.  470).] 


Hg.4* 

IKagnm  of  the  ntenu  jait 

before  memtrasition.     The 

shaded  portion  representt 

the     mncoos     monibraiie 


Fig.  470. 
Utenu    whan 

hat  joBt  cGued,   ahowing 
tliA   cavity   of    the   body 

brane  (J.  Willianu). 


Ovulation. — The  second  important  internal  phenomenon  is  otmlaiion, 
in  which  process  the  ovary  becomes  more  vascular— the  ripe 
follicle  is  tur^d  with  flnid,  and  in  part  projects  above  the  surface  of 
the  ovary.  The  follicle  ultimately  burste,  its  membranes  and  the 
epithelial  covering  of  the  ovary  being  torn  or  give  way  onder  the 
pressure,  tjie  bursting  being  accompanied  by  the  discharge  of  a  small 
aononnt  of  blood.  At  the  same  time,  the  congested,  turgid,  and  erected 
fimbriated  extremity  of  the  Fallopian  tube  (Fig.  468)  is  applied  to  the 
ovary,  so  that  the  discharged  ovnm,  with  its  adherent  granulosa  cells, 
and  the  liquor  folliculi,  are  caught  by  the  fniinel^flhaped  extremity  <4 
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the  tube.  The  ovum,  when  discharged,  is  carried  towards  the  uterus 
by  the  ciliated  epithelium  (p.  1112)  of  the  tube,  and,  perhaps,  also 
partly  by  the  contraction  of  its  muscular  coat.  Ducalliez  and  Kiiss  found 
that,  by  fully  injecting  the  blood-vessels,  they  could  imitate  the  erection 
of  the  Fallopian  tube.  Eouget  points  out  that  the  non-striped  muscle 
of  the  broad  ligaments  may  cause  constriction  of  the  vessels,  and  thus 
secure  the  necessary  injection  of  the  blood-vessels  of  the  Fallopian  tube. 

Pfliiger'8  Theory. — There  are  two  theories  as  to  the  connection 
between  ovulation  or  the  discharge  of  an  ovum  and  the  escape  of  blood 
from  the  uterine  mucous  membrane.  Pfluger  regards  the  bloody  dis- 
charge from  the  superficial  layers  of  the  uterine  mucous  membrane  as  a 
physiological  preparation  or  "  freshening  "  of  the  tissue  (in  the  surgical 
sense),  by  which  it  will  be  prepared  to  receive  the  ovum  when  the  latter 
reaches  the  uterus,  so  that  union  can  take  place  between  the  ovimi 
and  the  freshly-exposed  surface  of  the  mucous  membrane,  and  thus 
the  ovum  wiU  receive  nourishment  from  a  new  surface. 

Reichert's  Theory. — ^This  view  is  opposed  to  that  of  Beichert, 
Engelmann,  Williams,  and  others.  According  to  Eeichert's  theory, 
before  an  ovum  is  discharged  at  all,  there  is  a  sympathetic  change  in 
the  uterine  mucous  membrane,  whereby  it  becomes  more  vascular, 
more  spongy,  and  swollen  up.  The  mucous  membrane  so  altered  is 
spoken  of  as  the  membrana  deddua  menstrualis,  and  from  its  nature  it  is 
in  a  proper  condition  to  receive,  retain,  and  nourish  a  fertilised  ovum 
which  may  come  into  contact  with  it.  If  the  ovum,  however,  be  not 
fertilised,  and  escapes  from  the  genital  passages,  then  the  uterine 
mucous  membrane  degenerates  and  blood  is  shed,  as  above  described. 
According  to  this  view,  the  hsemorrhage  from  the  uterine  mucous 
membrane  is  a  sign  of  the  non-occurrence  of  pregnancy;  the  mucous 
membrane  degenerates  because  it  is  not  required  for  this  occasion ;  the 
menstrual  blood  is  an  external  sign  that  the  ovum  has  not  been 
impregnated.  So  that  pregnancy,  i,e.,  the  development  of  the  embryo 
in  utero,  is  to  be  calculated,  not  from  the  last  menstruation,  but  from 
some  time  between  the  last  menstruation  and  the  period  which  does 
not  occur. 

In  lome  cases  the  ovulation  and  the  formation  of  the  decidua  xnenstrualiB  occur 
separately,  so  that  there  may  be  menstruation  without  ovulation,  and  ovulation 
-without  menstruation. 

Corpns  Lnteum. — When  a  Graafian  follicle  bursts,  it  discharges  its  contents 
and  collapses;  in  the  interior  are  the  remains  of  the  membrana  granulosa  and 
a  small  effusion  of  blood,  which  soon  coagulates.  The  small  rupture  soon 
heals,  after  the  serum  is  absorbed.  The  vascular  wall  of  the  follicle  swells  up. 
Villous  prolongations  or  granulations  of  young  connective*tiBSue,  rich  in  capillaries 
and  cells,  grow  into  the  interior  of  the  follicle.  Colourless  blood-corpuscles  also 
wander  into  the  interior.    At  the  same  time  the  cells  of  the  granulosa  proliferate. 
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and  form  teveral  Uyen  of  cells,  which  nltiinately,  after  the  disappearaiioe  of  a 
number  of  blood-Teisela,  mideigo  fatty  degeneration,  lutein  and/aUy  matter  being 
formed,  and  it  is  this  maas  which  gives  the  corpni  Intenm  its  yellow  colour.  The 
capsule  becomes  more  and  more  fused  with  the  OTarian  stroma.  If  pregnancy 
does  not  take  place  after  the  menstruation,  then  the  &tty  matter  is  rapidly 
absorbed,  and  the  effused  blood  is  changed  into  hematoidin  (§  20),  and  other 
derivatives  of  hemoglobin,  while  there  is  a  gradual  shrivelling  of  the  whole  mass, 
which  is  complete  in  about  four  weeks,  only  a  very  small  remainder  being  left 
Buch  a  corpus  luteum,  t.e.,  one  not  accompanied  by  pregnancy,  is  called  a  /aim 
corpus  luteum.  If,  however,  pregnancy  occurs,  then  the  corpus  luteum,  iTiatead  of 
ahrivelling,  grows  and  becomes  a  large  body,  especially  at  the  third  and  fourth 
month,  the  walls  are  thicker,  the  colour  deeper,  so  that  the  corpus  luteum  at  the 
period  of  delivery  may  be  6-10  mm.  in  diameter,  and  its  remains  may  be  found  in 
the  ovary  for  a  very  long  time  thereafter  (Fig.  464).  This  form  is  sometimes 
apoken  of  as  a  true  corpus  luteum  (Bischoff).  [We  cannot  draw  too  sharp  a  dis- 
tinction between  these  two  forms.]  Only  a  very  small  number  of  the  ova  in  the 
ovary  undergo  development  and  are  discharged ;  by  &r  the  greater  number 
degenerates  (Slavjansky). 

436.  Erection. 

Penifl.— Our  knowledge  of  the  distribution  of  the  blood  within  the  penis  is 
chiefly  due  to  G.  Langer's  researches.    The  albuginea  of  the  corpus  spongiosum 
consists  of  tendinous   connective-tissue,  containing  thickly-woven  elastic-tissne 
and  smooth  muscular  fibres,  which  together  form  a  solid  fibrous  envelope^  from 
which   numerous   interlacing  trabecule   pass   into   the   interior,    so   that   the 
corpus   spongiosum   comes   to   resemble  a  sponge.     The   anastomosing   spaces 
bounded  by  these  trabecule  form  a  series  of  inter-communicating  venous  spaces 
or  sinuses  filled  with  blood  and  lined  by  a  layer  of  endothelium.    The  largest 
sinuses  lie  in  the  lower  and  external  part  of  the  corpus  cavemosum,  while  they 
are  less  numerous  and  smaller  in  the  upper  part    The  small  arteries  ariae  from 
the  A.  profunda  penis,  which  runs  along  the  septum,  and  pass  to  the  trabecule 
after  following  a  very  sinuous  course.    At  the  outer  part  of  the  corpus  spongiosum, 
some  of  the  small  arteries  become  directly  continuous  with  the  larger  venous 
sinuses ;  some  of  them,  however,  terminate  in  capillaries  both  in  the  outer  psit 
and  within  the  corpus  spongiosum,  the  capUlariea  ultimately  terminating  in  the 
venous  sinuses.    The  heUoine  arteries  of  the  penis  described  by  Job.  MuUer  are 
merely  much  twisted  arteries.    The  deep  veins  of  the  penis  arise  by  fine  veinlets 
within  the  body  of  the  oifpui,  while  the  veins  proceeding  from  the  caTemous 
spaces  pass  to  the  dorsum  of  the  penis  to  form  the  vena  dorsalis  penis.    As  theie 
vessels  have  to  traverse  the  meshes  of  the  vascular  net-work  in  the  cortex  of  the 
corpora  cavernosa  penis,  it  is  evident  that,  when  the  net-work  is  congested  by 
being  filled  with  blood,  it  must  compress  the  outgoing  venous  trunks.    The  corpoi 
cavemosum  urethre  consists  for  the  most  part  of  an  external  layer  of  closely  j 

packed,  anastomosing  veins,  which  surround  the  longitudinally  directed  blood- 
vessels of  the  urethra. 

In  the  dog,  all  the  arteries  of  the  penis  run  at  first  towards  the  surface,  whers 
they  divide  into  penicilli.  The  veins  arise  from  the  capillary  loops  in  the  papillSi 
and  they  empty  their  blood  into  the  cavernous  spaces.  Only  a  small  part  of  the 
blood  passes  to  the  cavernous  spaces  through  the  internal  capillaries  and  veins, 
but  arterial  blood  never  flows  directly  into  these  spaces  (M,  v.  Frey). 

Mechanism  of  Erectioa— Erection  is  due  to  the  overfilling  of  the 
blood-vessels  of  the  penis  with  blood,  whereby  the  volume  of  the  organ 
is  increased  four  or  five  times,  while  at  the  same  time  there  are  also  a 
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higher  temperature,  increased  blood-presBare  (to  ^th  of  that  in  the 
carotid — ^Eckhard),  with  at  first  a  pulsatile  movement,  increased  con- 
sistence, and  erection  of  the  organ. 

Regner  de  Graaf  obtained  complete  erection  of  the  penis  by  forcibly  izgecting  its 
blood-vessela  (1068). 

The  preliminary  phenomena  consist  in  a  considerable  increase  of  the 
arterial  blood  supply,  the  arteries  being  dilated  and  pulsating  strongly. 
The  arteries  are  controlled  by  the  nervi  erigentes.  The  nervi  erigentes 
arise  chiefly  from  the  second  (more  rarely  the  third)  sacral  nerves  (dog), 
and  have  ganglionic  cells  in  their  course  (Lovhn,  Nikolsky).  These 
nerves  contain  ms(Hiilaior  fibres,  which  can  be  excited  in  part  reflexly 
from  the  sensory  nerves  of  the  penis,  the  transference  centre  being  in 
the  centre  for  erection  in  the  spinal  cord  (§362,  4).  Sensory  impres- 
sions produced  by  voluntary  movements  of  the  genital  apparatus  (by 
the  ischio-  and  bulbo-cavemosi  and  cremaster  muscles),  can  also  dis- 
charge this  reflex ;  while  the  thought  of  sexual  impulses,  referable  to 
the  penis,  tends  to  induce  erection.  The  nervi  erigentes  also  supply 
the  longitudinal  fibres  of  the  rectum  (Fellner).] 

The  centre  for  erection  in  the  spinal  cord  (§362,  2)  is,  however, 
controlled  by  the  dominating  vaso-dilator  centre  in  the  medulla 
oblongata  (§  372),  and  the  two  centres  are  connected  by  fibres  within 
the  cord;  hence  stimulation  of  the  upper  part  of  the  cord,  as  by 
asphyxiated  blood  (§  362,  5)  or  muscarin,  may  also  be  followed  by 
erection  (Nikolsky).  [The  seminal  fluid  is  frequently  found  dis- 
charged in  persons  who  have  been  hanged.] 

The  psychical  adivify  of  the  cerebrum  has  a  decided  influence  on  the 
genital  vaso-dilator  nerves.  Just  as  the  psychical  disturbance  which 
accompanies  anger  or  shame  is  followed  by  dilatation  of  the  blood- 
vessels of  the  head,  owing  to  stimulation  of  the  vaso-dilator  fibres,  so 
when  the  attention  is  directed  to  the  sexual  centres,  there  is  an  action 
upon  the  nervi  erigentes.  This  action  of  the  brain  is  more  compre- 
hensible since  we  know  that  the  diameter  of  the  blood-vessels  is  affected 
by  the  cortex  cerebri  (§  377).  The  fibres  probably  pass  from  the 
cerebrum  through  the  peduncles  of  the  cerebrum  and  the  pons;  as  a 
matter  of  fact,  if  these  parts  be  stimulated,  erection  may  take  place 
(§  302,  4)— (Eckhard). 

When  the  impulse  to  erection  is  obtained  by  the  increased  supply 
of  arterial  blood,  titefuU  compUtion  of  the  act  is  brought  about  by  the 
activity  of  the  following  transversely  striped  muscles: — 1.  The  iscAio- 
cavernosas  (Fig.  129,  p.  314)  arises  from  the  coccyx,  and  by  its 
tendinous  union  surrounds  the  root  of  the  penis.  When  it  contracts,  it 
compresses  the  root  of  the  penis  from  above  and  laterally,  so  that  the 
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outflow  of  blood  from  the  penis  is  hindered  (Varoliiis,  1573).  It  has 
no  action  on  the  dorsal  vein  of  the  penis,  as  this  vessel  lies  in  a  groore 
on  the  dorsum  of  the  penis,  and  is,  therefore,  protected  from  compres- 
sion by  the  tendon.  2.  The  deep  Iraiwversus  permei  is  perforated  bj 
the  venee  profunda  penis,  which  come  from  the  corpora  cavernosa,  so 
that  when  it  contracts,  it  must  compress  these  reins  between  the  tense 
hoiuontal  fibres  (Fig.  471, 
6 — Henle).  The  deep  veins 
of  the  penis  join  the  com- 
mon pudendal  vein  and  the 
plexus  Santorini  3.  lastly, 
the  buibo-cavemosus  is  con- 
cemed  tii  the  hardening  of 
the  urethral  corpns  spon- 
gioeum,  as  it  compresses  the 
bulb  of  the  urethra  (Fig. 
471 , 5,  and  Fig.  1 29,p.  3 1 4). 
All  these  muscles  are  partly 
under  the  control  of  the 
will,  whereby  the  erection 
may  be  increased.  Nor- 
mally, however,  their  con- 
traction is  excited  reftexlf 
by  stimulation  of  the  sen- 
sory nerves  of  the  penis 
(§  362,  4). 


VJ 


Fig.  «1. 


Anterior  'mall  of  tbe  pelvis  with  the  nrogenitil 

septum  aeeii   from  the  front.      The  oorpna       The  congMtion  of  blood  U  not 

c»vemo«tun  (4)  with  the  nretlii*  (3)  hi  cnt   complete,  else,  in  pathological 

serosa    below  its   exit   from    the  pelvie— 1,   ca»ee,   continuoui  enctdon,   m 

STrnphTsiipabii;  3,  dorsal  vein  of  the  penii;  in   Batyriaui,   wonld  give  rise 

6,  partofthehnlbo-oavemoauajt,  deeptrani-   togwgrene.   The  accumnUtion 

verBusperiiieiwithit«fc8cift(/);6,veiiapro-   "f   the  blood  in  the  penis  U 

fundd  penii ;  7,  srtery  wid  vwn  of  the  bulbo-   favoured  by  the  fcct  that,  the 

caTernonu.  origin*  of  the  veiiu  of  tbe  penii 

lie  in  the  oorpoB  cavemoenni, 

which,  when  it  enlarges,  mnst  compresB  them.     There  ore  also  trabecnlar  smooth 

siliscQiar  flhree,  which  compreig  the  large  veuona  plexui  of  Santorini. 

That  erection  i»  a  complex  motor  act  depending  on  Qie  nervous  syBtem,  ia  proved 
by  an  experiment  of  Hauamuin,  who  fonnd  that  section  of  the  nerves  of  the  penis 
prevented  erection  in  a  stalUon.  The  imperfect  erectdon  which  ocean  in  the 
female  ia  confined  to  the  corpora  cavernosa  elitoridis  and  the  bulbi  vcatiboli- 
Doring  erection,  the  psMage  from  the  urethra  to  the  bladder  is  closed,  partly  by 
the  Bwellii^  of  the  caput  gallinagiDis,  and  partly  by  the  action  of  the  sphincter 
urethrK,  which  ii  connected  with  the  deep  transversus  perineL 


EJACULATION  AMD  RECEPTION  OF  THE  SEMEN.     1119 

437.  Evjaculation— Reception  of  the  Semen. 

In  connection  with  the  ejaculation  of  the  seminal  fluid,  we  must 
distinguish  two  different  factors — 1,  Its  passage  from  the  testicles  to 
the  yesiculsd  seminales ;  2,  the  act  of  ejaculation  itself.     The  former  is 
caused  by  the  newly  secreted  fluid  forcing  on  that  in  front  of  it,  by  the 
action  of  the  ciliated  epithelium  (which  lines  the  epididymis  to  the 
beginning  of  the  vas  deferens),  and  also  by  the  peristaltic  moyements 
of  the  smooth  muscular  fibres  of  the  vas  deferens.     Ejaculation,  how- 
ever, requires  stronger  peristaltic  contractions  of  the  vasa  deferentia 
and  the  vesiculss  seminales,  which  are  brought  about  by  the  reflex  stimu- 
lation of  the  ejaculation  centre  in  the  spinal  cord  (§  362,  5).     As  soon 
as  the  seminal  fluid  reaches  the  urethra,  there  is  a  rhythmical  contraction 
of  the  bulbo-cavemosus  muscle  (produced  by  the  mechanical  dilatation 
of  the  urethra),  whereby  the  fluid  is  forcibly  ejected  from  the  urethra. 
Both  vasa  deferentia  and  yesiculse  do  not  always  eject  their  contents 
into  the  urethra  simultaneously.     With  moderate  excitement,  the  con- 
tents of  only  one  may  be  discharged.    The  ischio-cavernosus  and  deep 
transversus  perinei  contract  at  the  same  time  as  the  bulbo-cavemosus, 
although  the  former  have  no  effect  on  the  act  of  ejaculation.     In  the 
female  also,  under  normal  circumstances,  at  the  height  of  the  sexual 
excitement,  there  is  a  reflex  movement  corresponding  to  ejaculation. 
It  consists  of  a  movement  analogous  to  that  in  man.     At  first  there  is 
a  reflex  peristaltic  movement  of  the  Fallopian  tube  and  uterus,  pro- 
ceeding from  the  end  of  the  tube  towards  the  vagina,  and  produced 
reflexly  by  the  stimulation  of  the  genital  nerves.     Dembo  observed 
that  stimulation  of  the  anterior  upper  wall  of  the  vagina  in  animals 
caused  a  gradual  contraction  of  the  uterus.      By  this  movement, 
corresponding  to  that  of  the  vasa  deferentia  in  man,  a  certain  amount 
of  the  mucus  normally  lining  the  uterus  is  forced  into  the  vagina. 

This  is  followed  by  the  rhythmical  contraction  of  the  sphincter 
cunni  (analogous  to  the  bulbo-cavemosus),  also  of  the  ischio-cavcmosus, 
and  deep  transversus  perinei.  The  uterus  is  erected  by  the  powerful 
contraction  of  its  muscular  fibres  and  round  ligaments,  while  at  the 
same  time  it  descends  towards  the  vagina,  its  cavity  is  more  and  more 
diminished,  and  its  mucous  contents  are  forced  out.  When  the 
uterus  relaxes  after  the  stage  of  excitement,  it  aspirates  into  its  cavity 
the  seminal  fluid  injected  into  the  vestibule  (Aristotle,  Bischoff,  Litz- 
mann,  Eichstedt). 

But  the  suction  of  the  greatly  excited  atems  is  not  necessary  for  the  reception  of 
the  semen  (Aristotle).  The  spermatozoa  may  wriggle  by  their  own  movements 
from  the  vagina  into  the  orifice  of  the  utems  (Kristeller).  The  cases  of  pregnancy 
where  from  some  pathological  caoses  (partial  cloenre  of  the  vagina  or  vulva),  the 
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penis  hM  not  paned  into  the  vagma  daring  ooition,  prove  that  the  apennatoaoa 
can  travene  the  whole  length  of  the  vagina,  and  pass  into  the  aterns. 

438.  Fertilisation  of  the  OvunL 

The  oynxn  is  fertilised  by  a  spermatozoon  passing  into  it. 

Swanunerdam  (f  1686)  proved  that  contact  of  the  semen  with  the  ovum  was 
necessary  for  fertilisation.  Spallanzani  (1768)  proved  that  the  fertilising  agent 
was  the  spermatoaoa,  and  not  the  dear,  filtered  fluid  part  of  the  semen,  and  that 
the  spermatoaoa,  even  after  heing  enormously  diluted,  were  stiU  capable  of  action* 
Martin  Barry  (1850)  was  the  first  to  observe  the  entrance  of  a  spermatozoon  into 
the  ovum  of  the  rabbit.  This  occurs  pretty  rapidly,  by  a  boring  movement 
through  the  vitelline  membrane  (Leuckhart).  Ilie  entrance  is  effected  either 
through  the  porous  canals  or  the  nucropyle  (Keber — ^p.  1108). 

Theories. — As  to  the  manner  in  which  the  spermatosoon  affects  the  ovum,  there 
are  great  diffSorenoes  of  opinion.  Aristotle  compared  it  to  an  action  like  that  of 
rennet  on  milk ;  Bischoff',  to  that  of  yeast  on  a  fermentable  mass,  i.e.,  to  a  cata- 
lytic action.  These  theories,  however,  are  quite  unsatisfiM^ry,  as  we  know  thai, 
tiie  unfertilised  ova  of  the  hen,  rabbit  (Hensen),  pig  (BischoflfX  salpa  (Kuppfer), 
(but  not  the  frog — ^Pfiuger)  can  undergo  the  initial  stages  of  development  aa  far  as 
the  stage  of  cleavage^  and  the  star-fishes  even  as  far  as  the  larval  form  (Greet), 

FlAce  of  Fertilisation. — ^The  place  where  fertilisation  occors  is  either 
the  ovary,  as  indicated  by  the  occuirence  of  abdondnal  pregnancy,  or  the 
FaJlapian  ivbej  and  the  numerous  recesses  in  the  latter  afford  a  good 
temporary  nidus  for  the  spermatozoa.  This  view  is  supported  by  the 
occurrence  of  tubal  pregnancy.  Thus  the  spermatozoa  must  be  able  to 
pass  through  the  Fallopian  tube  to  the  ovary,  which  is  probably  brought 
about  chiefly  by  the  movements  proper  to  the  spermatozoa  themselves. 
It  is  uncertain  whether  the  peristaltic  movements  of  the  uterus  and  Fallo- 
pian tube  are  concerned  in  this  process;  certainly  ciliary  movement 
is  not  concerned,  as  the  cilia  of  the  Fallopian  tube  act  from  above 
downwards.  When  once  the  ovum  has  passed  unfertilised  into  the 
uterus,  it  is  not  fertilised  in  the  uterus.  It  is  assumed  that  the  onzm 
reaches  the  uterus  within  2-3  weeks  (in  the  bitch,  8-H  days). 

Twins  occur  in  1  in  87  pregnancies,  but  oftener  in  warm  climates; 
triplets,  1 :  7»600 ;  four  at  a  birth,  1 :  330,000.  More  than  six  at  a 
birth  have  not  been  observed.  The  average  number  of  pregnancies  in 
a  woman  is  i^. 

Superfecundation,— By  this  term  is  understood  the  fertilisation  of  two  ova  at 
the  same  menstruation,  by  two  different  acts  of  coition.  Thus,  a  mare  may  throw 
a  foal  and  a  mule,  after  being  covered  flrst  by  a  stalUon,  and  then  by  an  ass.  A 
white  and  a  black  child  have  been  bom  as  twins  by  a  woman. 

Superf OBtation  is  when  a  second  impregnation  takes  place  at  a  later  period  of 
pregnancy,  as  in  the  second  or  third  month.  This,  however,  is  only  possible  in  a 
double  uterus,  or  when  menstruation  persists  until  the  time  of  the  second  ixn- 
pregnation.    It  is  said  to  ooour  firequentiy  in  the  hare. 
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HjbridB  ftre  produced  when  there  is  a  cross  between  different  species  (horse, 
ass,  lebra— dog,  jackal,  wolf— goat,  ibex— goat,  sheep^speoies  of  lama— camel, 
dromedary— tiger,  lion — species  of  pheasant — ^goose,  swan— carp,  cmcian — species 
of  butterflies).  Most  hybrids  are  sterile,  especially  as  regards  the  formation  of 
properly  formed  spermatozoa ;  while  the  hybrid  females  are  for  the  most  part 
fertile  with  the  male  of  both  parents — e.^.,  the  mule ;  but  the  characters  of  the 
offspring  tend  to  return  to  those  of  the  species  of  the  parents.  Very  few  hybrids 
are  fertile  when  crossed  by  hybrids.  In  many  species  of  frogs,  the  absence  of 
hybrids  is  accounted  for  by  the  mechanical  obstacles  to  fertilisation  of  the  ova. 

Tubal  Migration  of  the  Ornm. — ^Tinder  exceptional  circumstances,  the 
ovmn  discharged  from  a  raptured  Graafian  follicle  passes  into  the 
Fallopian  tube  of  the  other  side,  as  is  proved  by  the  occurrence  of 
tubal  pregnancy  and  pregnancy  of  an  abnormal,  rudimentary  horn  of 
the  uterus,  in  which  case  the  true  corpus  luteum  is  found  on  the  other 
side  of  the  ovary.  This  is  spoken  of  as  ^'eastemai  migration**  (Kuss- 
maul,  Leopold.)  This  observation  coincides  with  experiment,  as 
granular  fluids,  e.g.,  China-ink,  when  injected  into  the  peritoneal  cavity, 
pass  into  both  Fallopian  tubes,  and  are  carried  by  the  ciliated 
epithelium  to  the  uterus  (Pinner).  In  animals,  with  a  double  uterus 
with  two  orifices,  the  ova  may  migrate  through  the  os  of  the  one  into 
the  other  uterus,  a  condition  which  is  spoken  of  as  *'intemat 
migration," 


439.  Impregnation  of  the  Ovum— Cleavage— Layers 

and  Position  of  the  Embryo. 

Maturation  of  the  Ovum. — In  birds  and  mammals  important  changes 
occur  in  the  ovum  before  impregnation.  The  germinal  vesicle  comes 
to  the  surfiEUse  and  disappears  from  view,  while  the  germinal  spot  also 
disappears  (Bein).  In  place  of  the  germinal  vesicle,  a  spindle-shaped 
body  appears.  The  granuUr  elements  of  the  protoplasmic  vitellus 
arrange  themselves  around  each  of  the  two  poles  of  the  spindle,  in  the 
form  of  a  star,  the  double-star,  or  diaster  of  FoL  When  this  takes, 
place,  the  peripheral  pole  of  the  nucleus  or  altered  germinal  vesicle,  along 
with  some  of  the  cellular  substance  of  the  ovum,  protrudes  upon  the 
gurfiekce  of  the  vitellus,  where  they  are  nipped  off  from  the  ovum  in  the 
form  of  small  corpuscles  just  like  an  excretory  product  (Fig.  466). 
These  bodies,  which  are  not  made  use  of  in  the  further  development 
and  growth  of  the  ovum,  are  called  polar  or  directing  globules  (Fol, 
Butschli,  O.  Hertwig),  although  the  elimination  of  small  bodies  from 
the  yelk  was  known  to  Dumortier  [1837],  Bischoff,  P.  J.  van  Beneden^ 
Fritz  Miiller  [1848],  Bathke,  and  others.  The  remaining  part  of  the 
geimiDal  vesicle  stays  within  the  vitellus  and  travels  back  towards  the 
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centre  of  the  ovum,  to  form  the  female  pronacleas  (O.  Hertwig,  Fol, 
Selenka,  R  van  Beneden).  [Before,  however,  the  altered  germinal 
vesicle  travels  downwards  again  into  the  substance  of  the  ovam,  it 
divides  again  as  before,  and  from  it  is  given  off  the  second  polar 
globule,  and  then  the  remainder  of  the  germinal  vesicle  forms  the  female 
pronucleus.  At  the  same  time  the  vitellus  shrinks  somewhat  within 
the  vitelline  membrane.] 

Impregnation. — ^As  a  rule,  only  one  spermatozoon  penetrates  the 
ovum,  and  as  it  does  so  it  moves  towards  the  female  pronucleus,  while  its 
head  becomes  surrounded  with  a  star;  it  then  loses  its  head  and  cilium 
or  tail,  the  latter  only  serving  as  a  motor  organ,  while  the  remaining 
middle  piece  swells  up  to  form  a  second  new  nucleus,  the  male  pro- 
nncleus  (Fol,  Selenka).  According  to  Flemming,  it  is  the  anterior  part 
of  the  head,  and,  according  to  Eein  and  Eberth,  it  is  the  head  which  is 
so  changed.  Thereafter,  the  male  and  female  pronucleus  unite,  wider- 
going  amoeboid  movements  at  the  same  time,  to  form  the  new  nucleus  of 
the  fertilised  ovum.  The  female  pronucleus  receives  the  male  pronucleus 
in  a  little  depression  on  its  surface.  Thereafter,  the  yelk  assumes  a 
radiate  appearance  (Rein).  [The  union  of  the  representatives  of  the 
male  and  female  elements  forms  the  first  embryonic  segmentaium  sphere  or 
blastosphere,] 

In  Echmoderms,  0.  Hertwig  and  Fol  observed  that  several  embryos  were  formed 
when,  under  abnormal  conditions,  several  spermatozoa  penetrated  an  ovum.  The 
male  pronuclei,  formed  from  the  several  spermatozoa,  then  fitsed  each  with  a 
fragment  of  the  female  pronucleus.  Under  similar  circumstao'ces,  Bom  observed 
in  amphibians  abnormal  cleavage,  but  no  further  development. 


Cleavage  of  the  Yelk. — In  an  ovum  so  fertilised,  the  yelk  contracts 
somewhat  around  the  newly-formed  nucleus,  so  that  it  becomes  slightly 
separated  from  the  vitelline  membrane,  and  for  the  first  time  the 
nucleus  and  the  yelk  divide  into  two  nucleated  spheres.     This  proeess 

is  spoken  of  as  campkie  cUamge 
or  fission.  Each  of  these  two 
ceUs  again  divides  into  two,  and 
the  process  is  repeated,  so  that 
4,  8, 16,  32,  and  so  on,  spheres 
are  formed  (Fig.  472).  This 
constitutes  the  cleavage  of  the 
yelk,  and  the  process  goes  on 
tmtil  the  whole  yelk  is  subdivided  into  numerous  small,  nucleated 
spheres,  the  '^mulberry  mass"  or  "segmentation  spheres/'  or  "morula," 
or  the  protoplasmic  primordial  spheres  (20-25  ju)  which  are  devoid 
of  an  envelope. 


Fig.  472. 

Cleavage  of  the  yelk  of  the  egg  of 
Anchylostomnm  duodenale. 
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Variation  of  Lines  of  Cleavage. — According  to  the  observations  of  PflQgeTy 
the  ova  of  the  frog  can  be  made  to  undergo  cleavage  in  very  different  directions, 
according  to  the  angle  between  the  axis  of  the  egg  and  the  line  of  gravitation. 
This,  of  coarse,  we  can  alter  as  we  please,  by  placing  the  eggs  at  any  angle  to  the 
line  of  gravitation.  By  the  axis  of  the  ovnm  is  meant  a  line  connecting  the  centre 
of  the  black  surface  and  the  middle  of  the  white  part,  which,  in  the  fertilised 
ovmn,  is  always  vertical.  In  such  cases  of  abnormal  cleavage,  the  deposition  of 
the  organs  takes  place  from  other  constituents  of  the  egg,  than  those  from  which 
they  are  formed  under  normal  conditions.  Under  normal  circumstances,  according 
to  Roux,  the  first  line  of  cleavage  in  the  frog  is  in  the  same  direction  as  the  central 
nervous  system.  The  second  intersects  the  first  at  a  right  angle,  so  as  to  divide 
the  mass  of  the  ovum  into  two  unequal  parts,  the  larger  of  which  forms  the  anterior 
part  of  the  embryo. 

Blastoderm. — ^During  this  time  the  ovum  is  enlarging  by  absorption 
of  fluid  into  its  interior.  AU  the  cells,  from  mutual  pressure  against 
each  other,  become  polyhedral,  and  are  so  arranged  as  to  form  a  cellular 
envelope  or  bladder,  the  blastodemiy  which  lies  on  the  internal  surface 
of  the  vitelline  membrane  (de  Graaf,  v.  Baer,  BLschoJOf,  Coste).  A  small 
part  of  the  cells  not  used  in  the  formation  of  the  blastoderm  is  found 
on  some  part  of  the  latter.  [In  the  ova  of  the  bird,  where  there  is 
only  partial  segmentation,  the  blastoderm  is  a  small  round  body  resting 
on  the  surface  of  the  yelk,  under  the  vitelline  membrane,  so  that  it  does 
not  completely  surround  the  yelk,  or  a  hollow  cavity,  as  in  mammals.] 
The  hollow  sphere,  composed  of  cells,  is  called  the  blastodermic  vesicle 
by  Eeichert,  and  in  the  human  embryo  it  is  formed  at  the  10th-12th 
day,  in  the  rabbit  at  the  4th,  the  guinea-pig  at  the  3|,  the  cat  7th, 
dog  11th,  fox  14th,  ruminantia  at  the  10th-12th  day,  and  the  deer  at 
the  60th  day. 

When  the  blastoderm  grows  to  2  mm.  (rabbit),  whereby  the 
vitelline  membrane  is  distended  to  a  very  thin,  delicate  membrane,  then 
at  one  part  of  it  there  appears  the  germind  area,  the  area  germinativa, 
or  the  embryonal  shield  (Coste,  Kolliker),  as  a  round,  white  spot,  in 
which  the  blastoderm,  owing  to  proliferation  of  its  cells,  becomes 
double.  The  upper  layer  is  called  the  ectoderm  or  ^nblast,  and  in  some 
animals  it  consists  of  several  layers  of  cells,  while  the  lower  layer  is  the 
endoderm  or  hypoblast.  The  hypoblast  continues  to  grow  at  its  edges, 
so  that  it  ultimately  forms  a  completely  closed  sac,  on  which  the 
epiblast  is  applied  concentrically.  The  embryonal  area  soon  becomes 
more  pear-shaped,  and  afterwards  biscuit-shaped.  At  the  same  time 
the  surfiEM^  of  the  zona  pellucida  develops  numerous  small,  hollow, 
structureless  villi,  and  is  called  the  primUive  chorion. 

At  the  posterior  part  of  the  embryonic  shield,  the  primUive  streak 

(Fig.  473, 1,  Fr)  appears,  at  first  as  an  elongated  circular  thickening 

(Hensen),  and  later  as  a  longer  streak  or  groove,  the  primitive  groove. 

This  thickening,  however,  is  confined  to  the  epiblast,  while  the  hypo- 
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blast  iff  com^etelj  mtchanged  in  the  region  of  tfae  streak,  and  tlie 
foimu  consista  of  Uiree  layers  of  celh.  At  the  aante  time  &  new 
layer  of  cells  is  dereloped  bdiwooi 
the  epiblast  and  hypoblast,  tlw 
I  mesoderm  01  mesol)lasi(Figri7i,l)^ 
I  which  soon  extends  ova^  the  em- 
bryonal area,  and  into  the  blwto- 
derm.  Blood-ressels  are  fonned 
vithin  the  mesoblast,  and  are  dis- 
tributed over  the  blastoderm  t» 
Fig.  473.  ^'^'^'^  ^^^  '"^'^  vasculosa. 

iV,  PrimitivB  rtreak.  Mednilary    Groove.— A    lonp- 

S,  Mednllaiy  grooTB.  tudinal    groove,    the     mednlliiy 

U,  Firrtprotovwtebm.  groove,  ia  formed  at  the  antwior 

psrt  of  the  embryonal  ehield,  but  it  gradually  extends  posteriorly, 
embracing  the  anterior  part  of  the  primitive  streak  with  its  dirided 
posterior  end,  while  the  primitive  streak  itself  gradually  beconws 
relatively  and  absolutely  smaller  and  less  dietinct,  until  it  disappears 
altogether  (Fig.  473, 1  and  II,  iV— Kolhker). 

The  position  of  the  embryo  is  indicated  by  the  central  part  becoming 
more  transparent,  the  area  pelludda,  which  is  surrounded  by  a  roan 
opaqae  part— the  area  opaca.  [The  area  opaca  rests  directly  upon  tlie 
white  yelk  in  the  fowl,  and  it  takes  no  share  in  the  formation  of  the 
embryo,  but  gives  rise  to  structures  which  are  temporary,  and  are  con- 
nected with  Uie  nutrition  of  the  embryo.  The  embryo  is  formed  in  tie 
area  pelliicida  alone.] 

From  the  epiblast  [neuro-epidermal  layer]  are  developed  the  cenbJ 
nervous  system,  and  epidermal  tissues,  including  the  epithelium  of  1^ 
sense-organs 

From  the  mesohlasi  are  formed  most  of  the  organs  of  the  body,  [in- 
cluding the  vascular,  muscular,  and  skeletal  ^stems,  and,  according  to 
lome,  the  connective-tisBUe.  It  also  gives  rise  to  the  generative  glands 
and  excretory  organs]. 

From  the  kypobtad,  epUkelio-glamittlar  layer  [which  is  the  secretory 
layer],  arise  the  -intestinal  epithelium,  and  that  of  the  glands  which 
open  into  the  intestine.  [The  mouth  and  anus  being  formed  by  b'> 
inpushing  of  the  epiblast,  are  lined  by  epiblast,  and  are  someUnw 
called  the  stomodeettm  and  prolodi^m  respectively.] 

[Stmctore  of  the  Blastoderm. — Originally,  it  is  composed  of  mlf 
two  layers,  and  in  a  vertical  section  of  it  the  epiblast  conststs  of  * 
mngle  row  of  nucleated,  grannlar  cells,  arranged  side  by  dde  with  Uw''' 
long  axes  placed  vertically.  The  hypoHtaH  consists  of  larger  cdl>  tbio 
the  forgoing,  although  tliej  vary  in  size;     They  are  sphmcal  and  tw? 
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granular,  so  that  no  nncleos  is  visible  in  them.  The  cells  form  a  kind 
of  net-work,  and  occur  in  more  than  one  layer,  especially  at  the 
periphery.  It  rests  on  white  yelk^  and  under  it  are  large  spbericai 
refractiYe  ceDs,  spoken  of  as  fonrudive  uUs,^ 

The  cells  of  the  epiblast,  and  especially  those  of  the  hypoblast,  nourish  them- 
selves  by  the  direct  absorption  and  incorporation  of  the  constituents  of  the  ydk 
into  themselves.  The  amceboid  movements  of  these  cells  play  a  part  in  the  prooesB 
of  absorption.  The  absorbed  particles  are  changed,  or,  as  it  were,  digested  within, 
the  cells,  and  the  product  used  in  the  processes  of  growth  and  development 
(KoUmann). 


440.  Structures  Formed  from  the  Epiblast. 

LaminsB  Dorsales. — Ther  medullary  groove  upon  the  epiblast  (also 
called  outer,  serous,  sensorial,  corneal,  or  animal  layer)  becomes  deeper 
(Fig.  474,  II).  The  two  longitudinal  elevations  or  laminm  dor  sales 
consist  of  a  thickening  of  the  epiblast,  and  grow  up  over  the  medullary 
groove  to  meet  each  other  and  coalesce  by  their  free  edges  in  the  middle 
line  posteriorly.  Thus  the  open  groove  is  changed  into  a  closed  tube, 
the  medullary  or  neural  tube  (III).  The  cells  next  the  lumen  of  the 
tube  ultimately  become  the  ciliated  epithelium  lining  the  central  canal 
of  the  spinal  cord,  while  the  other  cells  of  the  nipped-off  portion  of 
the  epiblast  form  the  ganglionic  part  of  the  central  nervous  system  and 
its  processes. 

Primary  Cerebral  Vesicles. — [The  laminae  dorsales  unite  first  in  the 
region  of  the  neck  of  the  embyro,  and  soon  this  is  followed  by  the 
union  of  those  over  the  future  head.]  The  medullary  tube  is  not  of 
uniform  diameter,  for  at  the  anterior  end  it  becomes  dilated  and 
mapped  out  by  constrictions  into  the  primary  vesicles  of  the  brain, 
which  at  first  are  arranged,  one  behind  the  other,  in  the  following 
order : — Each  one  being  smaller  than  the  one  in  front  of  it ;  the  fore- 
brain  (representing  the  structures  from  which  the  cerebral  hemispheres 
are  developed) ;  the  mid-brain  (corpora  quadrigemina) ;  the  hind-brain 
(cerebellum) ;  and  the  after-brain  (medulla  oblongata),  which  is  gradually 
continued  into  the  spinal  cord  (IV  and  V).  The  posterior  part  of  the 
medullary  tube  has  a  dilatation  at  the  lumbar  enlargement.  In  birds, 
the  medullary  groove  remains  open  in  this  situation  to  form  a  lozenge- 
shaped  dilatation,  the  sinus  rhomboidalis. 

Cranial  Flexures. — ^The  anterior  part  of  the  medullary  tube  curves 
on  itself,  especially  at  the  junction  of  the  spinal  cord  and  oblongata, 
between  the  mid-brain  and  hind-brain,  and  again  almost  at  right  angles 
between  the  fore-brain  and  mid-brain.  [Thus  is  produced  a  displace- 
ment of  the  primary  vesidea^  and  the  head  of  the  future  embryo  is 
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mapped  off.]  At  first  all  the  cerebial  resiclea  are  devoid  of  convaln- 
tions  and  sulci.  On  each  side  of  the  fore-brain  there  grows  out  a 
stalked  hollow  vesicle  (VI),  tlie  primary  optic  veade.  The  remainder 
of  the  epiblast  forms  ^e  epidermal  coyering  of  the  body.  At  an  eariy 
period  we  can  distinguish  the  stratum  comeum  and  the  MaJpigfaian 
layer  of  the  skin  (§  383)  j  from  the  former  are  developed  the  hairs, 
nails,  feathers,  etc. 


Fig.  474. 
I,  The  three  layen  of  the  blartodenn  of  the  muumkliBii  ovum— Z,  Bona  pcUnoid*; 
B,  ectoderm,  or  epibUat;  m,  meaoblaat;  e,  endodenn,  ix  hypoblast.  Hi 
ijection  of  an  embryo,  with  ax  protoTertebrn  at  the  let  day— M,  medoUitT 
groove ;  h,  aom&topleure ;  U,  protovertebra ;  c,  chorda  doraalis ;  S,  tte 
ktenl  platM  divided  into  two  j  t,  hypobUat,    lU,  Section  of  m  eaiirjo 
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chick  at  the  2nd  day,  in  the  region  behind  the  heart—M,  mednllary  groove; 
A,  outer  part  of  somatopleare ;  u,  protovertebra ;  c,  chorda ;  w.  Wolffian  dnct; 
K,  CGBlom ;  z,  inner  part  of  somatopleure ;  y,  inner  part  of  splanchnopleure; 
A,  amniotic  fold ;  a,  aorta ;  e,  hypoblast.  IV,  Scheme  of  a  longitudinal 
section  of  an  early  embryo.  V,  Sdieme  of  the  formation  of  the  head  and  tail 
folds — r,  head  fold ;  D,  anterior  extremity  of  the  f utare  intestinal  tract ;  S, 
tail  fold,  first  rudiment  of  the  cavity  of  tiie  rectum.  VI,  Scheme  of  a  longi- 
tudinal section  through  an  embryo  after  the  formation  of  the  head  and  tail 
folds — A  o,  omphalo-mesenterio  arteries ;  V  o,  omphalo-mesenteric  veins ;  a, 
position  of  the  allantois ;  A,  amniotic  fold.  VII,  Scheme  of  a  longitudinal 
section  through  a  human  ovum — Z,  zona  pellucida;  S,  serous  cavity;  r, 
union  of  the  amniotic  folds ;  A,  cavity  of  the  amnion ;  o^  allantois ;  N, 
umbilical  vesicle ;  m,  mesoblast ;  h,  heart ;  U,  primitive  intestine.  VllI, 
Schematic  transverse  section  of  the  pregnant  uterus  during  the  formation  of 
the  placenta ;  U,  muscular  wall  of  the  uterus  ;  p,  uterine  mucous  membrane, 
or  decidua  vera ;  6,  maternal  part  of  the  placenta,  or  decidua  serotina ;  r, 
decidua  reflexa;  eh,  chorion;  A,  amnion;  n,  umbilical  cord;  a,  allantois, 
with  the  urachus;  N,  umbilical  vesicle,  with  D,  the  omphalo-mesenteric 
duct ;  t  i,  openings  of  the  Fallopian  tubes ;  G,  canal  of  the  cervix  uteri.  IX, 
Scheme  of  a  human  embryo^  with  the  visceral  arches  still  persistent — A, 
amnion ;  V,  fore  brain ;  M,  mid  brain ;  H,  hind  brain ;  N,  after  brain ;  U, 
primitive  vertebrse;  a,  eye;  p,  nasal  pits;  S,  frontal  process;  y,  internal 
nasal  process ;  it,  external  nasal  process :  r,  superior  maxillary  process  of  the 
Ist  visceral  arch ;  1,  2,  3,  and  4,  the  four  visceral  arches,  with  the  visceral 
clefts  between  them;  o,  auditory  vesicle;  A,  heart,  with  e,  primitive  aorta> 
which  divides  into  five  aortic  arches ;  /,  descending  aorta ;  only  omphalo-meseu' 
teric  artery ;  6,  the  omphalo-mesenteric  arteries  on  the  umbilical  vesicle ;  e, 
omphalo-mesenteric  vein ;  L,  liver,  with  ven»  advehentes  and  revehentes ;  D, 
intestine;  t,  inferior  cava;  T,  coccyx,  aU,  allantois,  with  z,  one  umbilical 
artery,  and  x,  an  umbilical  vein. 

Partial  GleavagO. — Only  a  partial  cleavage  takes  place  in  the  eggs  of  birds 
and  in  meroblastic  ova,  i.e.,  only  the  white  ydk  in  the  neighbourhood  of  the 
cicatricula  divides  into  numerous  segmentation  spheres  (Coste,  1848).  The  cells 
arrange  themselves  in  two  layers  lying  one  over  the  other.  The  upper  layer  or 
epibUut  is  the  larger,  and  contains  small  pale  cells ;  the  lower  layer,  or  hypdblcut^ 
which  at  first  is  not  a  continuous  layer,  ultimately  forms  a  continuous  layer, 
but  its  periphery  is  smaller  than  the  upper  layer,  while  its  cells  are  larger 
and  more  granular. 

Between  the  epiblast  and  hypoblast,  firom  the  primitive  streak  outwards,  is  formed 
the  meBoblo^y  which  is  said  by  Kdlliker  to  be  due  to  the  division  of  the  cells  of  the 
epiblast.  It  gradually  extends  in  a  peripheral  direction  between  the  two  other 
layers.  All  the  three  layers  grow  at  their  periphery.  In  the  mesoblast,  blood- 
vessels are  developed.  All  the  three  layers,  as  they  grow,  come  ultimately  to 
enclose  the  whole  yelk,  so  that  their  margins  come  together  at  the  opposite  pole  of 
the  yelk. 


441.  Structures  Formed  from  the  Mesoblast  and 

Hypoblast 

The  mesoblast  (yascular  layer  or  middle  layer)  forms  immediately 
under  the  medoUary  grooye,  a  cylindrical  cellular  cord,  the  ehorda 
dcrsaiiSf  or  noUxhord^  which  is  thicker  at  the  tail  than  at  the  cephalic 
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end  (Fig.  474,  II,  III,  e).  It  is  preeenfc  in  all  vertebratm,  and  alao  in 
the  larval  form  of  the  ascidians,  but  in  the  latter  it  disappears  in  the 
adult  fonn  (Kowalewsky).  In  man  it  is  relatively  smalL  It  forma  the 
basis  of  the  bodies  of  the  yertebrsa,  and  around  it,  as  a  oential  core, 
the  substance  of  the  bodies  of  the  vertebrae  is  deposited,  so  that  they 
are  strung  on  it,  as  it  were,  like  beads  on  a  string.  After  it  is  formed, 
it  becomes  surrounded  by  a  double  aheath-like  covering  (Oegenbanr, 
Eolliker). 

The  reoflot  observatioiiB  of  L.  Oerlaeh  and  Strahl  aacribe  the  origin  of  the  diorda 
jbo  the  hypoUast.    It  does  not  contain  chondrin  or  glntin,  bat  albumin  (BakBOu). 

Protovertebrae. — The  cells  of  the  mesoblast,  on  each,  side  of  the 
chorda,  arrange  themselves  into  cubical  masses,  always    disposed  m 
pairs  behind  each  other,  the  p-oiovertebra  (IT  and  u).     The  first  pair 
florrespond  to  the  atlas.     At  a  later  period,  each  protovertebra  shows 
a  marginal  cellular  area  and  a  nuclear  area.     Only  part  of  it  goes  to 
form  a  future  vertebra.     The  part  of  the  mesoblast  lying  external  to 
the  protovertebrsB,  the  lateral  plates  (II,  s)  splits  into  two  layers  (Wolff, 
1768),  an  upper  one  and  a  lower  one,  which,  however,  are  united  by 
a  median  plate  at  the  protovertebrae.     The  space  between  the  two  layers 
of  the  mesoblast  is  called  the  pleuro-peritoneal  cavUy,  or  the  coelam  (O, 
K)  of  HaeckeL     The  upper  layer  of  the  lateral  plate  becomes  united  to 
the  epiblast,  and  forms  the  cutaneo-muscular  plate  of  German  authors^ 
or  the  somatopleure  (III,  x),  while  the  inner  one  unites  with  the  hypo- 
■blast  to  form  the  intestinal  plate  of  Grerman  authors,  or  the  splancbno- 
pleure  (III,  y).     On  the  surfaces  of  these  plates,  which  are  directed 
towards  each  other,  the  endothelium  lining  the  pleuro-peritoneal  cavity 
is  developed.     On  the  surface  of  the  median  plate,  directed  towarcU 
the  coelom,  some  cylindrical  cells,  the  "  gemv-epUhelium  "  of  Waldeyer 
remain,  which  form  the  ovarian  tubes  and  the  ova  (§  433). 

According  to  Remak,  the  skin,  the  muBclea  of  the  trunk,  and  the  blood-vesaeLi, 
and  according  to  His,  only  the  musculatare  of  the  tronk,  are  derived  from  the 
somatopleure.  Both  observers  agree  that  the  splanchnoplenre  furnishes  the 
musculature  of  the  intestinal  tract. 

Farablastic  and  Archibkstic  Cells. — According  to  His,  the  blood- 
vessels, blood,  and  connective-tissue  are  not  developed  from  true 
mesoblastic  cells,  but  he  asserts  that,  for  this  purpose,  certain  cells 
wander  in  from  the  margins  of  the  blastoderm  between  the  epiblast  and 
hypoblast;  these  cells  being  derived  from  outside  the  position  of  the 
embryo,  from  the  elements  of  the  white  yelk.  His  calls  these  structures 
farablastic,  in  opposition  to  the  arckiblastic,  which  belong  to  the  three 
*:layen  of  the  embiyo.  Waldeyer  also  adheres  to  the  parablastic  stnw- 
^tore  of  blood  and  connective-tissue,  but  he  assumes  that  the 
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from  which  the  latter  is  formed  is  continuoiis  protoplasm^  and  x>i  .equal 
value  with  the  elements  of  the  blastoderm. 

The  hypoblast  does  not  undergo  any  change  at  tiiis  time,  it  applies 
itself  to  the  inner  layer  of  the  mesoblast  as  a  single  Isyer  of  cells^  to 
form  the  splanchnopleure. 

442.  Formation  of  the  Embryo  aM  Heart- 
Primitive  Circulation. 

Head-  and  Tail-Folds. — Up  to  this  time  the  embryo  lies  with  its 
three  layers  in  the  plane  of  the  layers  themselves.  The  cephalic 
end  of  the  future  embryo  is  first  raised  above  the  level  of  this  plane 
(Fig.  474,  Y).  In  front  of,  and  under  the  head,  there  is  an  inflection 
or  tucking-in  of  the  layers,  which  is  spoken  of  as  the  head-fold  (Y,  r). 
[It  gradually  travels  backwards,  so  that  the  embryo  is  raised  above  the 
level  of  its  surroundings.]  The  raised  cephalic  end  is  hollow,  and  it 
communicates  with  the  space  in  the  interior  of  the  umbilical  vesicla 
The  cavity  in  the  head  is  spoken  of  as  the  headftU  or  fore^giU  (V,  D). 
The  formation  of  the  fore-gut^  by  the  elevation  of  the  head  from  the 
plane  of  the  three  layers,  occurs  on  the  2nd  day  in  the  chick,  and  in  the 
dog  on  the  22nd  day.  The  tail-fold  is  formed  in  precisely  the  same 
way  in  the  chick  on  the  drd  day,  and  in  the  dog  on  the  22nd  day. 
The  caudal  elevation,  S,  also  is  hollow,  and  the  space  within  it  is  the 
hind-gut,  d.  Thus,  the  body  of  the  embiyo  is  supported,  or  rests  on  a 
hollow  stalk,  which  at  first  is  wide,  and  communicates  with  the  cavity 
of  the  umbilical  vesicle.  This  duct  or  communication  is  called  the 
omphalo-mesenteric  duct,  or  the  vitello-intestinal  or  vitelline  ducL 
The  saccular  vesicle  attached  to  it  in  mammals  is  called  the  n?l^^l1iftftl 
vesicle  (VII,  N),  while  the  analogous,  much  larger  sac  in  birds  which 
contains  the  yellow  nutritive  yelk,  is  called  the  yelk-sac.  The  omphalo- 
mesenteric or  vitelline  duct,  in  course  of  time,  becomes  narrower^  and 
is  ultimately  obliterated  in  the  chick  on  the  5th  day.  The  point 
where  it  is  continuous  With  the  abdominal  waU  is  the  abdominal 
umbilicus,  and  where  it  is  inserted  into  the  primitive  intestine,  the 
intestinal  umbilicus. 

[Sometimes  part  of  the  vitelliae  duct  remains  attached  to  the  intestine,  and  may 
prove  dangerous  by  becoming  so  displaced  as  to  constrict  a  loop  ol  intestme,  and 
thus  cause  stiangulation  of  the  gut.] 

Heart. — ^Before  this  process  of  constriction  is  complete,  some  oelb 
are  mapped  off  from  that  part  of  the  splanchnopleure,  which  lies  imme- 
diately under  the  head-gut ;  this  indicates  the  position  of  the  heart,  which 
appears  in  the  chick  at  the  end  of  the  first  day,  as  a  small,  brigbt,  red, 
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rhjrthmically  contracting  point,  the  pundum  saliens,  or    the    ariyin^ 
Kivov/jiivfi  of  Aristotle.     In  mammals,  it  appears  much  later. 

The  heart,  YI,  begins  first  as  a  mass  of  cells,  some  of  -which,  in  the 
centre,  disappear  to  form  a  central  cavity,  so  that  the  whole  looks  like 
a  pale  hollow  bud  (originally  a  pair)  of  the  splanchnopleure.  The 
central  cavity  soon  dilates,  it  grows,  and  becomes  suspended  in  the 
coelom  by  a  duplicature  like  a  mesentery  (meso-cardium),  while  the 
space  which  it  occupies  is  spoken  of  as  the  fovea  cardica.  The  heart 
now  assumes  an  elongated  tubular  form,  with  its  aortic  portion  directed 
forwards,  and  its  venous  end  backward ;  it  then  undergoes  a  slight 
/-shaped  curve  (Fig.  480,  1).  From  the  middle  of  the  2nd  day,  the 
heart  begins  to  beat  in  the  chick,  at  the  rate  of  about  40  beats  per 
minute.  [It  is  very  important  to  note  that  at  first,  althongh  the  heart 
beats  rhythmically,  it  does  not  contain  any  nerve-cells.] 

From  the  anterior  end  of  the  heart  there  proceeds,  from  the  bulbos 
aortsB,  the  aorta  which  passes  forward  and  divides  into  two  arches,  the 
primitive  aortos,  which  then  curve  and  pass  backwards  under  the  cerebral 
vesicles,  and  run  in  front  of  the  protovertebrse.     Opposite  the  omphalo- 
mesenteric duct,   each  primitive  aorta  in  the   chick  sends    one,  in 
mammals  several  (dog  4-5),  omphalo-mesenteric  arteries    (VI,  A,o), 
which  spread  out  to  form  a  vascular  net-work  within  the  mesoblast  of 
the  umbilical  vesicle.     From  this  net-work  there  arise  the  omphalo- 
mesenteric veins,  which  run  backwards  on  the  vitelline  duct  and  end  by 
two  trunks  in  the  venous  end  of  the  tubular  heart.     In  the  chick, 
these  veins  arise  from  the  sinus  terminalis  of  the  subsequent  vena 
terminalis  of  the  area  vasculosa.     Thus,  the  first  or  primiiive  ctraUaiion 
is  a  closed  system,  and  functionally,  it  is  concerned  in  carrying  nutri- 
ment and  oxygen  to  the  embryo.     In  the  bird,  the  latter  is  supplied 
through  the  porous  shell,  and  the  former  is  supplied  up  to  the  end  of 
brooding,  by  the  yelk.     In  mammals,  both  are  supplied  by  the  blood- 
vessels of  the  uterine  mucous  membrane  to  the  ovunL     In  birds,  owing 
to  the  absorption  of  the  contents  of  the  yelk-sac,  the  vascular  area 
steadily  diminishes,  until  ultimately,  towards  the  end  of  the  brooding 
time,  the  shrivelled  yelk-sac  slips  into  the  abdominal  cavity.     In  mam- 
mals, the  circulation  on  the  umbilical  vesicle,  ie.,  through  the  omphalo- 
mesenteric vessels,  soon  diminishes,  while  the  umbilical  vesicle  itself 
shrivels  to  a  small  appendix,  and  the  second  drculaiion  is  formed  to 
replace  the  omphalo-mesenteric  system.     The  first  blood-vessels  are 
formed  in  the  chick,  in  the  area  vasculosa,  outside  the  position  of  the 
embryo,  at  the  last  quarter  of  the  first  day,  before  any  part  of  the  heart 
is  visible.     The  blood-vessels  begin  in  vaso-formative  cells  [constituting 
the  *'  bloodAslands  "  of  Pander].     At  first  they  are  solid,  but  they  soon 
become  hollow  r§  7,  A). 


BODY-WALL  AND  VERTEBRAL  COLUMN.  1131 

A  narrow-meslied  plexus  of  lympTiatics  U  formed  in  the  area  vascalosa  of  tbo 
chick  (flis),  and  it  commnnicateB  with  the  amniotic  cavity  (A.  Budge). 

443.  Further  Formation  of  the  Body. 

Body- Wall. — 1.  The  coelom,  or  pleuro-peritoneal  cavity,  becomes 
larger  and  larger,  while  at  the  same  time  the  difference  between  the 
body-wall  and  the  wall  of  the  intestine  becomes  more  pronounced. 
The  latter  becomes  more  separated  from  the  protovertebrsB,  as  the 
middle  plate  begins  to  be  elongated  to  form  a  mesentery.  The  body- 
wall,  or  somatopleure,  composed  of  the  epiblast  and  the  outer  layer  of 
the  cleft  mesoblast,  becomes  thickened  by  the  ingrowth  into  it  of  the 
muscular  layer  from  the  muscle-plate,  and  the  position  of  the  bones  and 
the  spinal  nerves  from  the  protovertebrae.  These  grow  between  the 
epiblast  and  the  outer  layer  of  the  mesoblast  (Remak). 

[The  somatopleure,  or  parietal  lamina,  from  each  side  grows  forward 
and  towards  the  middle  line,  where  they  meet  to  form  the  body-wall, 
while  at  the  same  time  the  splanchnopleure,  or  visceral  lamina,  on  each 
side  also  grow  and  meet  in  the  middle  line,  and  when  they  do  so,  they 
enclose  the  intestine.  Thus,  there  is  one  tube  within  the  other,  and 
the  space  between  is  the  pleuro-peritoneal  cavity.] 

2.  Vertebral  Colnmn. — A  dorsally  placed  structure,  called  the  muscle- 
plate  (Remak)  is  differentiated  from  each  of  the  protovertebrae ;  the  re- 
mainder of  the  protovertebra,  the  protovertebra  proper  (Kolliker), 
coalesces  with  that  on  th6  other  side,  so  that  both  completely  surround 
the  chorda,  to  form  the  memhrana  reuniens  inferior  (Reichert)  in  the 
chick  on  the  3rd,  and  in  the  rabbit  on  the  10th  day,  while,  at  the  same 
time,  they  close  over  the  medullary  tube  dorsally  in  the  chick  at 
the  4th  day,  to  form  the  membrana  reuniens  superior.  Thus,  there  is  a 
union  of  the  masses  of  the  protovertebrae  in  front  of  the  medullary  tube^ 
which  encloses  the  chorda,  and  represents  the  basis  of  the  bodies  of  all 
the  vertebrae,  whilst  the  membrana  reuniens  superior,  pushed  between 
the  muscle-plates  and  the  epiblast  on  the  one  hand,  and  the  medullary- 
tube  on  the  other,  represents  the  position  of  the  entire  vertebral  lamincBy 
as  well  as  the  intervertebral  ligaments  between  them.  In  some  rare 
cases  the  membrana  reuniens  superior  is  not  developed,  so  ihat  the 
medullary  tube  is  covered  only  by  the  epiblast  (epidermis),  either 
throughout  its  entire  extent,  or  at  certain  parts.  This  constitutes  the 
condition  of  spina  bifida,  or,  when  it  occurs  in  the  head,  hemicephalia. 
The  vertebral  column  at  this  membranous  stage  is  in  the  same  con- 
dition as  the  vertebral  column  of  the  cyclostomata  (Petromyzon).  The 
membranes  of  the  spinal  cord,  the  spinal  ganglia,  and  spinal  nerves 
are  formed  from  the  membrana  reuniens  superior. 

Lastly,  parts  of  the  somatopleures  also  grow  towards  the  middle  line 
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of  the  back,  and  insinuate  themselTes  between  the  miiBcl&-pU£6  .and  the 
epiblast ;  thus,  the  dorsal  akin  ia  formed  (Kemak). 

In  the  membranous  vertebral  column  there  are  formed  the  several 
cartila^notts  vertebrse,  the  one  behind  the  other,  in  man  at  tbs  6th— 7th 
week,  although  at  fint  they  do  not  form  doeed  vertebral  archee ;  the 
latter  are  doeed  in  man  about  the  4th  month.  Each  cartilaginoDJ 
vertebra,  however,  Ib  not  foimed  from  a  pair  of  protovertebraa,  i.e.,  the 
4tii  cervical  vertebra  from  the  6th  pair  of  protovertebne,  but  there  is 
a  new  Babdiviuon  of  the  vertebral  column  (Remak),  bo  that  the  lower 
half  of  the  preceding  protovertebra  and  the  upper  half  of  the  sac- 
ceediog  protovertebra  unite  to  form  the  final  vertebta.  While  tbe 
bodies  are  becoming  cartilaginous,  the  chorda  becomee  amaller,  but  it 
still  remains  larger  in  the  intervertebral  discs.  The  body  of  the  fint 
vertebra  or  atlas  unites  with  that  of  the  axis  to  form  its  odontoid  pro- 
caas  (Eathke),  and  in  addition  it  forms  the  arcua  anterior  athmtis  and 
the  transverse  ligament  (Hasse).  The  chorda  can  be  followed  upwards 
through  the  ligamentnm  suapensorium  dentis  as  far  as  the  posterior 
part  of  the  sphenoid  bone. 

The  hiatt^enetic  formation  of  c&rtilaga  from  the  indifferent  formative  cdls 
takes  place  by  divisioD  and  growth  of  the  cells,  nnldl  they  ultimately  fbnn  eUar 
DDcleated  tacA  The  cement  aubatanoe  ii  probably  formed  by  the  outar  parte  of 
the  cells  (parietal  anbatance)  onitiug  and  secrsting  the  interoellnlai  sabstance.  It 
is  sDppoeed  by  sotue  that  the  latter  containt  Sue  canals,  which  connect  the  protO' 
plasm  of  the  adjoining  cells. 

Visceral  Clefts  and  ArcheH. — Each  side  of  the  cervical  region  c<m- 
taina  4  slit-like  openings — the  visceral  clefts  or  branchial  opentB^ 
(Bathke);  in  the  chick  the  upper  3 
are  formed  at  the  3rd,  and  the  4th 
on  the  1th  day.  Above  the  sliU 
are  thickenings  of  the  lateral  wall, 
which  constitute  the  viseerai  or 
branchial  arches.  The  defta  are 
formed  by  a  perforation  from  the 
fore-gut,  but  which,  periiaps,  does 
not  always  occur  in  the  chici^ 
mammal,  and  man  (His),  and  they 
are  lined  by  the  cells  of  the  hypo- 
blast. On  each  aide  in  each  visceral 
arch,  ic,  above  and  below  each  cleft, 
is-  47S-  there   runs   an   aortic    arch,   &    on 

anbryoofthemole.  x7(W.K.       g^ch   side   (Fig.    474,   IX).     These 
"  ^^'-  aortic  archee  peiaist  in  fishes.      In 

man,  all  the  slits  dose  except  the  uppermost  one,  from  which  the 
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auditory  meatus,  the  tympanic  cavity,  and  the  Eustachian  tube  are 
developed  (Buschke,  Bathke,  Eeichert).  The  4  visc^»l  arches  are  for 
the  most  part  made  use  of  later  for  other  formations  (p.  1143). 

Primitive  Mouth  and  Anu& — ^Immediately  under  the  fore-hrain,  in 
the  middle  line,  is  a  thin  spot,  where  there  is  at  first  a  small  depression, 
and  ultimately  a  rupture,  forming  the  primitive  oral  aperhire,  which  re- 
presents both  the  mouth  and  the  nose.  Similarly,  there  is  a  de- 
pression at  the  caudal  end,  and  the  depression  ultimately  deepens,  thus 
communicating  with  the  hind-gut  to  form  the  anus.  When  the  latter 
part  of  the  process  is  incomplete,  there  is  atresia  an%  or  imperforate 
anus.  Several  processes  are  given  off  from  the  primitive  intestine,  in- 
cluding the  hypoblast  and  its  muscular  layers,  to  form  the  lungs, 
the  liver,  the  pancreas,  the  csBcum  (in  birds),  and  the  allantois. 

The  extremities  appear  at  the  sides  of  the  body  as  short  unjointed 
stumps  or  projections  (Fig.  475),  [at  the  3rd  or  4th  week  in  the 
human  embryo]. 


444.  Formation  of  the  Amnion  and  Allantois. 

Amnion. — During  the  elevation  of  the  embryo  from  its  surroundings, 
immediately  in  front  of  the  head,  (at  the  end  of  the  2nd  day  in  the 
chick),  there  rises  up  a  fold  consisting  of  the  epiblast  and  the  outer 
layer  of  the  mesoblast,  which  gradually  extends  to  form  a  sort  of  hood 
over  the  cephalic  end  of  the  embryo  (VI,  A).  In  the  same  way,  but 
somewhat  later,  a  fold  rises  at  the  caudal  end,  and  between  both  along 
the  lateral  borders  similar  elevations  occur,  the  lateral  folds  (Fig.  474, 
in.  A).  All  these  folds  grow  over  the  back  of  the  embryo  to  meet 
over  the  middle  line  posteriorly,  where  they  unite  at  the  3rd  day  in  the 
chick  to  form  the  amniotic  sac.  Thus,  a  cofoity  which  beconflBS  filled 
with  fluid — the  amniotic  fluid — ^is  developed  around  the  embryo,  [so 
that  the  embryo  really  floats  in  the  fluid  of  the  amniotic  sac]. 
In  mammals  also  the  amnion  is  developed  very  early,  just  as  in  birds 
(Kg.  474,  Vn,  A).  From  the  middle  of  pregnancy  onwards,  the 
amnion  is  applied  directly  to  the  chorion,  and  imited  to  it  by  a 
gelatinous  layer  of  tissue^  the  tunica  media  of  Bischoff. 

Amniotic  Fluid.— The  amnion,  and  the  allantois  as  well,  are  fonned  only  in 
mammals,  birds,  and  reptiles,  which  have  hence  been  called  amoMta,  while  the 
lower  vertebrates,  which  are  devoid  of  an  amnion,  are  called  anamnia.  The  amnioiic 
fluid  is  a  dear,  serons,  alkaline  fluid,  specific  gravity  1007-1011,  containing,  besides 
epithelium,  Uunigo  hairs,  4-2  per  cent,  of  fixed  solids.  Amongst  the  latter  are 
albumin  (t^r  to  ^  per  cent),  mucin,  globulin,  a  vitelline-like  body,  some  grape-sugar, 
una,  ammonium  carbonate,  very  probably  derived  from  the  decompoeition  of  urea, 
aomfltimes  lactic  add  and  kreatinin,  calcic  sulphate  and  phosphate,  and  nommoa 
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■alt.  About  the  middle  of  pregnancy  it  amounts  to  about  1-1*5  kilo.  [2*2-3*3  lbs.]* 
and  at  the  end  about  0*5  kilo.  The  amniotic  fluid  is  of  foetal  origin*  aa  ia  shown 
by  its  occurrence  in  birds,  and  is,  perhaps,  a  transudation  through  the  foetal  mem- 
branes. In  mammals,  the  urine  of  the  foetus  forms  part  of  it  during  the  second 
half  of  pregnancy  (Gusserow).  In  the  pathological  condition  of  Hydramtwrn^  the 
blood-vessels  of  the  uterine  mucous  membrane  secrete  a  watery  fluid.  The  fluid 
preserves  the  foetus,  and  also  the  vessels  of  the  foetal  membranes  from,  mechanical 
injuries;  it  permits  the  limbs  to  move  freely,  and  protects  them  from  growing 
together ;  and,  lastly,  it  is  important  for  dilating  the  os  uteri  during  labour.  The 
anmion  is  capable  of  contraction  at  the  7th  day  in  the  chick ;  and  this  ia  due  to 
the  smooth  muscular  fibres  which  are  developed  in  the  cutaneous  plate  in  its  meso- 
blaatic  portion  (Remak),  but  nerves  have  not  been  found. 

Allaatois. — ^From  the  anterior  surface  of  the  caudal  end  of  the 
embryo  there  grows  out  a  small  double  projection,  which  becomes 
hollowed  out  to  form  a  sac  projecting  into  the  cavity  of  the  ooelom  or 
pleoro-peritoneal  cavity  (VI,  a);  it  constitutes  the  aUaniois,  and  is  formed 
in  the  chick  before  the  5th  day,  and  in  man  during  the  2nd  week. 
Being  a  true  projection  from  the  hind-gut,  the  allantois  has  two  layers^ 
one  from  the  hypoblast  and  the  other  from  the  muscular  layer,  so  that 
it  is  an  offshoot  from  the  splanchnopleure.  From  both  sides  there  pass 
on  to  the  allantois  the  urnbilical  arteries  from  the  hypogastric  arteries, 
and  they  ramify  on  the  surface  of  the  sac.  The  allantois  grows,  like 
a  urinary  bladder  gradually  being  distended,  in  front  of  the  hind-gat 
in  the  pleuro-peritoneal  cavity  towards  the  umbilicus;  and  lastly,  it 
grows  out  of  the  umbilicus,  and  projects  beyond  it  alongside  the 
omphalo-mesenteric  or  vitelline  duct,  its  vessels  growing  with  it  (VII,  a); 
but  after  this  stage  it  behaves  differently  in  birds  and  mammals. 

In  birds,  after  the  allantois  passes  out  of  the  umbilicus,  it  undergoes  great 
development,  so  that  within  a  short  time  it  lines  the  whole  of  the  interior  of  the 
shell  as  a  highly  vascular  and  saccular  membrane.  Its  arteries  are  at  first  branches 
of  the  primitive  aortae,  but  with  the  development  of  the  posterior  extremities,  they 
appear  as  branches  of  the  hypogastric  arteries.  Two  allantoidal,  or  umbilical  veins, 
proceed  from  the  numerous  capUlaries  of  the  allantois.  They  pass  backward  through 
the  umbilicus,  and  at  first  unite  with  the  omphalo-mesenteric  veins  to  join  the  venoos 
end  of  the  heart.  In  birds,  this  circulation  on  the  allantois,  or  second  circuUi- 
tion,  is  respimlory  in  function,  as  its  vessels  serve  for  the  exchange  of  gases 
through  the  porous  shell.  This  circulation  gradually  aMumes  the  respiratory 
functions  of  the  umbilical  vesicle,  as  the  latter  gradually  becomes  smaller  and 
smaller,  and  ceases  to  be  a  sufficient  respiratory  organ.  Towards  the  end  of  the 
brooding  time,  the  chick  may  breathe  and  cry  within  the  shell  (Aristotle) — a  proof 
that  the  respiratory  function  of  the  allantois  is  partly  taken  over  by  the  longs. 
The  aUantois  is  idso  the  excretory  organ  of  the  urinary  constituents.  Into  its 
cavity  in  mammals  the  ducts  of  the  primitive  kidneys,  or  the  Wolffian  duds,  open, 
but  in  birds  and  reptiles,  which  possess  a  cloaca,  these  open  into  the  posterior  wall 
of  the  doaoa.  The  primitive  kidneys,  or  Wolffian  bodies,  consist  of  many 
glomeruli,  and  empty  their  secretion  through  the  Wolffian  ducts  into  the  allantois 
(in  birds  into  the  cloaca),  and  the  secretion  passes  through  the  aUantois,  per  the 
umbilicus,  into  the  peripheral  part  of  the  urinary  sac.  Remak  found  ammoninm 
and  sodium  urate,  allantoin,  grape-sugar,  and  salts  in  the  contents  of  the  allantoic 
From  the  8th  day  onwards,  the  allantois  of  the  chick  is  contractile  (Yulpian), 
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•wing  to  the  presence  of  smocith  fibres  derived  team  the  HpUnchnopteare.     Ljm- 
phatici  uxompoDj  the  branches  of  the  luteriea  (A.  Budge). 

AUontoiB  In  Mammal  a — In  manunals  and  man  the  relation  of  the 
allantois  is  somewhat  different  The  first  part  or  its  origin  fonns  the 
vrinary  bladder,  and  from  the  vertex  of  the  latter  there  proceeds 
through  the  umbilicus  a.  tube,  the  wachus,  which  is  open  at  fii^t  (VIII, 
a).  The  blind  part  of  the  aac  of  the  allantoia  outside  the  abdomen 
is  in  some  animals  filled  with  a  fluid  like  urine.  In  man,  however, 
this  sac  disappears  during  the  second  month,  so  that  there  remains 
only  the  vessels  which  lie  in  the  muscular  part  of  the  allantoia.  In 
some  animals,  however,  the  allantois  grows  larger,  does  not  shrivel, 
but  obtains  through  the  urachus  from  the  bladder  an  alkaline,  turbid 
fluid,  which  contains  some  albumin,  sugar,  urea,  and  allantoin.  The 
relations  of  the  umbilical  vessels  will  be  described  in  connection  with 
the  fcetal  membranes. 

445.  Human  Foetal  Membranes— Placenta- 
Foetal  Circulation. 

Secidva. — When  a  fecundated  ovum  reaches  the  uterus,  it  then 
becomes  surrounded  by  a  special  covering,  which  William  Hunter 
(1775)  describes  as  the  mejnhrana  decidua,  because  it  was  shed  at  birth. 


Fig.  470. 
A  dyamenorrhm*!  membrane  kid  open  (after  Co«te). 
We  distinguish  the  decidua  vera  (Fig.  474,  VIII,  p),  which  is  merely  the 
thickened,  very  vascular,  softened,  more  spongy,  and  somewhat  altered 
mucous  membrane  of  the  uterus.     [Sometimes  in  a  diseased  condition, 
oa  in  dysmeuorrhcea,  the  superficial  layer  of  the  uterine  mucous  mem- 
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brane  is  thrown  off  en  masse  in  a  triangolar  form  (Fig.  476).  Tins 
serves  to  show  the  shape  of  the  decidua,  which  is  that  of  the  uterus.] 
When  the  ovum  reaches  the  uteros,  it  is  canght  in  a  crypt  or  fold  of 
the  decidna,  and  from  the  latter  there  grow  np  eleyations  aroimd  the 
ovmn;  but  these  elevations  are  thin^  and  soon  meet  over  the  back 
of  the  ovum  to  form  the  decidua  reflexa  (VllI,  r).  At  the  2nd-3rd 
month,  there  is  still  a  space  in  the  uterus  outside  the  reflexa;  in 
the  4th  month,  the  whole  cavity  is  fiUed  by  the  ovum.  At  one  part 
the  ovum  lies  directly  upon  the  vera,  [and  that  part  is  spoken  of  as 
the  decidua  seroHna],  but  by  far  the  greatest  part  of  the  surface  of  th^ 
ovum  is  in  contact  with  the  reflexa.  In  the  region  of  the  D.  serotina 
the  placenta  is  ultimately  formed. 

Structure  of  the  Decidua  Vera.— The  D.  vera  is  continued  into  the  mnooBS 
membrane  of  the  Fallopian  tube  and  the  cervix ;  at  the  3rd  month  it  is  4-7  mm. 
thick,  and  at  the  4th  only  1-3  mm.,  and  it  no  longer  has  any  epithelium;  bat  it 
is  very  vascular,  and  is  possessed  of  lymphatics  around  the  glands  and  blood- 
vessels (Leopold),  and  in  its  loose  snbstance  are  large,  round  cells  (deddua  cells— 
KOlliker),  which  in  the  deeper  parts  become  changed  into  tihre  cells — there  are 
also  lymphoid  cells.  The  uterine  glands,  which  become  greatly  developed  at  the 
commencement  of  pregnancy,  at  the  3rd  to  the  4th  month  form  non-cellular,  wide, 
bulging  tubes,  which  become  indistinct  in  the  later  months,  and  in  which  the 
epithelium  disappears  more  and  more.  The  reflexa,  much  thinner  than  the  vers 
from  the  middle  of  pregnancy,  is  devoid  of  epithelium,  and  is  without  vessels  and 
glands.    Towards  the  end  of  pregnancy  both  deciduae  unite. 

The  ovum,  covered  at  first  with  small  hollow  villi,  is  surrounded  by 
the  decidua.  From  the  formation  of  the  amnion  it  follows  that,  after 
it  is  closed,  a  completely  closed  sac  passes  away  from  the  embryo  to 
lie  next  the  primitive  chorion.  This  membrane  is  the  '' serous 
covering  "  of  v.  Baer  (Kg.  474,  VII,  s),  or  the  false  amnion.  It  be- 
comes closely  applied  to  the  inner  surface  of  the  chorion,  and  extends 
even  into  its  villi.  The  allantois  proceeding  from  the  umbilicus  comes 
to  lie  directly  in  contact  with  the  foetal  membrane ;  its  sac  disappears 
about  the  2nd  month  in  man,  but  its  vascular  layer  grows  rapidly 
and  lines  the  whole  of  the  inner  surface  of  the  chorion,  where 
it  is  found  on  the  18th  day  (Coste).  From  the  4th  week  the 
blood-vessels,  along  with  a  covering  of  connective-tissue,  branch  and 
penetrate  into  the  hollow  cavities  of  the  villi,  and  completely  fill  them. 
At  this  time  the  primitive  chorion  disappears.  Thus  we  have  a  stage 
of  general  vascularisation  of  the  chorion.  In  the  place  of  the  deriva- 
tive of  the  zona  pellucida  we  have  the  vascular  villi  of  the  allantois, 
which  are  covered  by  the  epiblastic  cells  derived  firom  the  false  amnion. 
This  stage  lasts  only  until  the  3rd  month;  when  the  chorionic  villi 
disappear  all  over  the  surface  ol  the  ovum  in  contact  with  the  decidua 
refiexa.    On  the  other  hand,  the  villi  of  the  chorion,  where  they  lie  in 
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direct  contact  with  the  decidna  serotina,  become  larger  and  more 
branched.     Thus,  there  is  distinguished  the  chorion  laeve  and  frmidosum. 

The  chorion  laeve,  which  consiBts  of  a  connectiTe-tiBsiie  matrix  covered  ex* 
temally  by  Beveral  layers  of  cells,  has  a  few  isolated  villi  at  wide  intervals. 
Between  the  chorion  and  the  amnion  is  a  gelatinous  snbetance  (membrana  inter- 
media) or  mideveloped  connective-tissae. 

Placenta. — ^The  large  villi  of  the  chorion  frondosum  penetrate  into 
the  tissue  of  the  decidua  serotina  of  the  uterine  mucous  membrane. 
[It  was  formerly  supposed  that  the  chorionic  villi  entered  the  mouths 
of  the  uterine  glands,  but  the  researches  of  Ercolani  and  Turner  have 
shown  that,  although  the  uterine  glands  enlarge  during  the  early 
months  of  utero-gestation,  the  villi  do  not  enter  the  glands.  The  villi 
enter  the  crypts  of  the  uterine  mucous  membrane.  The  glands  of  the 
inner  layer  of  the  decidua  serotina  soon  disappear.]  As  the  villi  grow 
into  the  decidua  serotina,  they  push  against  the  walls  of  the  large  blood- 
vessels, which  are  similar  to  capillaries  in  structure,  so  that  the  villi 
come  to  be  bathed  by  the  blood  of  the  mother  in  the  uterine  sinuses,  or 
they  float  in  the  colossal  decidual  capillaries  (VUI,  h).  The  villi  do  not 
float  naked  in  the  maternal  blood,  but  they  are  covered  by  a  layer  of  cells 
derived  from  the  decidua.  Some  viUi,  with  bulbous  ends,  unite  firmly 
with  the  tissue  of  the  uterine  part  of  the  placenta  to  form  a  firm  bond 
of  connection.  [The  placenta  is  formed  by  the  mutual  inter-growth  of 
the  chorionic  villi  and  the  decidua  serotina.]  Thus,  it  consists  of  a 
fatal  part,  including  all  the  villi,  and  a  maiemal  or  uterine  part,  which 
is  the  very  vascular  decidua  serotina.  At  the  time  of  birth,  both  parts 
are  so  firmly  united  that  they  cannot  be  separated.  Around  the  margin 
of  the  placenta  is  a  large  venous  vessel,  the  marginal  sinus  of  the  pla- 
centa. The  placenta  is  the  nutritive,  excretory  and  respiratory  organ 
of  the  foetus  (§  368) ;  the  latter  receives  its  necessary  pabulum  by 
endosmosis  from  the  maternal  sinuses  through  the  coverings  and 
vascular  wall  of  the  villi  in  which  the  foetal  blood  circulates.  [The 
placenta  also  contains  glycogen,'] 

Uterine  liilk. — Between  the  villi  of  the  placenta  there  is  a  clear 
fluid  which  contains  numerous  small  albuminous  globules,  and  this 
fluid,  which  is  abundant  in  the  cow,  is  spoken  of  as  the  uterine  milk. 
It  seems  to  be  formed  by  the  breaking  up  of  the  decidual  cells.  It  has 
been  supposed  to  be  nutritive  in  function.  [The  maternal  placenta^ 
therefore,  seems  to  be  a  secreting  structure,  while  the  foetal  part  has 
an  absorbing  function.  The  uterine  milk  has  been  analysed  by 
Gamgee,  who  found  that  it  contained  fatty,  albmninous,  and  saline 
constituents,  while  sugar  and  casein  were  absent] 

The  investigiitiom  of  Walter  show  that,  after  poisoning  pregnant  animals  with 
strychnin,  morphia,  veratrin,  cnrara,  and  eigotin,  these  sabstances  are  not  found 
in  the  foetus,  although  many  other  chemical  substances  pass  into  it. 
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[Savory  found  that  strychnin  injected  into  a  foetus  in  atero  caused  tetanic 
convulsions  in  the  mother  (bitch),  while  syphilis  may  be  communicated  from  the 
lather  to  the  mother  through  the  medium  of  the  foetus  (Hutchinson).  A.  Harvey's 
record  of  observations  on  the  crossing  of  breeds  of  animals — chiefly  of  horses  sod 
allied  species— show  that  materials  can  pass  from  the  foetus  to  the  mother.] 

On  looking  at  a  placenta,  it  is  seen  that  its  villi  are  distributed  on  large  areas 
separated  from  each  other  by  depressions.  This  complex  arrangement  might  be 
compared  with  the  cotyledons  of  some  animals. 

The  positton  of  the  placenta  is>  fts  a  nile,  on  the  anterior  or  posterior  wall  of 
the  uterus,  more  rarely  on  the  fundus  uteri,  or  laterally,  from  the  opening  of  the 
Fallopian  tube,  or  over  the  internal  orifice  of  the  cervix,  the  last  oonstitnting  the 
condition  of  placenta  praevia,  which  is  a  very  dangerous  form  of  placental  inser- 
tion, as  the  placenta  has  to  be  ruptured  before  birth  can  take  place,  so  that  the 
mother  often  dies  from  haemorrhage.  The  umbilical  cord  may  be  inserted  in  the 
centre  of  the  placenta  {insertio  centralis),  or  more  towards  the  margin  {itu. 
margincUis),  or  the  cord  may  be  fixed  to  the  chorion  laeve.  Sometimes,  though 
rarely,  there  are  small  subsidiary  placentae  {pL  succenturiojla),  in  addition  to  the 
large  one  (Hyrtl).  When  the  plaoenta  consists  of  two  halves,  it  is  called  duplex 
or  bipartite,  a  condition  said  by  Hyrtl  to  be  constant  in  the  apes  of  the  old 
world. 

Structure  of  the  Cord.— -The  umbilical  cord  (48-60  cm.  [20-24  inches] 
long,  11-13  mm.  thick)  is  covered  by  a  sheath  from  the  amnion. 
The  blood-vessels  make  about  40  spiral  turns,  and  they  begin  to 
appear  about  the  2nd  month.  It  contains  two  strongly  muscular  and 
contractile  arteries,  and  one  umbilical  vein.  The  two  arteries  anasto- 
mose in  the  placenta  (Hyrtl).  In  addition,  the  cord  contains  the  con- 
tinuation of  the  urachus,  the  hypoblastic  portion  of  the  allantois 
(VIII,  a),  which  remains  until  the  2nd  month,  but  afterwards  is  much 
shrivelled.  The  omphalo-mesenteric  duct  of  the  umbilical  vesicle  (N) 
is  reduced  to  a  thread-like  stalk  (VIII,  D),  Wharton's  jelly  surrounds 
the  umbilical  blood-vessels.  Wharton's  jelly  is  a  gelatinous-like 
connective-tissue,  consisting  of  branched  corpuscles,  lymphoid  cells, 
some  connective-tissue  fibrils,  and  even  elastic  fibres.  It  yields  mucia 
It  is  traversed  by  numerous  juice-canals,  lined  by  endothelial  cells,  but 
other  blood-  and  lymphatic-vessels  are  absent.  Nerves  occur  3-8-11 
cm.  from  the  umbilicus  (Schott,  Valentin). 

The  foetal  circulation,  which  is  established  after  the  development  of 
the  allantois,  has  the  following  course : — ^The  blood  of  the  foetus  passes 
from  the  hypogastric  arteries  through  the  two  umbilical  arteries, 
through  the  umbilical  cord  to  the  placenta,  where  the  arteries  split  up 
into  capillaries.  The  blood  is  returned  from  the  placenta  by  the 
umbilical  vein,  although  the  colour  of  the  blood  cannot  be  distin- 
guished from  the  venous  or  impure  blood  in  the  umbilical  arteries. 
The  umbilical  vein  (Fig.  483,  3,  u^),  returns  to  the  umbilicus,  passes 
upwards  under  the  margin  of  the  liver,  gives  a  branch  to  the  vena 
portsB  (a),  and  runs  as  the  dudus  venoms  into  the  inferior  vena  cava, 
which  carries  the  blood  into  the  right  auricle.      Directed  by  the 
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Eustachian  valve  and  the  tubercle  of  Lower  (Fig.  480,  6,  t,  L),  the 
great  mass  of  the  blood  passes  through  ihe  foramen  wale  into  the  left 
auricle,  from  which  it  cannot  pass  backwards  into  the  right  auride, 
owing  to  the  presence  of  the  valve  of  the  foramen  ovale.  From  the  left 
auride  it  passes  into  the  lefb  ventricle,  aorta,  and  hypogastric  arteries^ 
to  the  umbilical  arteries.  The  blood  of  the  superior  vena  cava  of  the 
foetus  passes  from  the  right  auride  into  the  right  ventride  (Fig. 
480,  6,  Cs).  From  the  right  ventricle  it  passes  into  the  pulmonaiy 
artery  (Fig.  480,  7,  jp),  and  through  the  ductus  arteriosus  of  Botalli  (B), 
into  the  aorta.  [There  are,  therefore,  two  streams  of  blood  in  the 
right  auricle  which  cross  each  other,  the  descending  one  from  the  head 
through  the  superior  vena  cava,  passing  in  front  of  the  transverse  one 
from  the  inferior  vena  cava  to  the  foramen  ovale.]  Only  a  small  amount 
of  the  blood  passes  through  the  as  yet  small  branches  of  the  pulmonaiy 
artery  to  the  lungs  (Fig.  480,  7,  i,  ^).  The  course  of  the  blood  makes 
it  evident  that  the  head  and  upper  limbs  of  the  foetus  are  nourished 
by  purer  blood  than  the  remainder  of  the  trunk,  which  is  supplied  with 
blood  mixed  with  the  blood  of  the  superior  vena  cava.  After  birth, 
the  umbilical  arteries  are  obliterated,  and  become  the  lateral  ligaments 
of  the  bladder,  while  their  lower  parts  remain  as  the  superior  vesical 
arteries.  The  umbilical  vein  is  obliterated,  and  remains  as  the  liga* 
mentum  teres,  or  round  ligament  of  the  liver,  and  so  is  the  ductCHs 
venosns  Arantii.  Lastly,  the  foramen  ovale  is  closed,  and  the  ductus 
arteriosus  is  obliterated,  the  latter  forming  the  lig.  arteriosum* 

The  condition  of  the  membranes  where  there  are  more  ftetuses  than  one  :-^ 
1.  With  twins  there  are  two  completely  separated  ova,  with  two  placentas  and 
two  dedduse  reflexaa.  2.  Two  completely  separate  ova  may  have  only  one  reflexa,  • 
wheraby  the  placentas  grow  together,  while  their  blood-yessels  remain  distinct. 
The  chorion  is  actnally  double,  but  cannot  be  separated  into  two  Tamellsp  at  the 
point  of  union.  3.  One  refleza,  one  chorion,  one  placenta,  two  umbilical  cords, 
and  two  anmia.  The  vessels  anastomose  in  the  placenta.  In  this  case  there  is 
one  ovum  with  a  double  yelk,  or  with  two  germinal  vesicles  in  one  yelk. 
4.  As  in  3,  but  only  one  amnion,  caused  by  the  formation  of  two  embryos  in  the 
same  blastoderm  of  the  same  germinal  vesicle. 

Formation  of  the  festal  membranes  in  animals. — ^The  oldest  mammals 
have  no  placenta  or  nmbilical  vessels;  these  are  the  JIfammaiia  impUieentaUa, 
<Owen),  including  the  monotremata  and  marsupials.  The  second  group  includes 
the  Mammalia  placentalkt.  Amongst  these  (a)  the  non-dedduata  possess  only 
chorionic  villi  supplied  by  the  umbilical  vessels,  which  project  into  the  depressions 
of  the  uterine  mucous  membrane,  and  from  which  they  are  pulled  out  at  birth 
(PL  diffusa,  e.g.,  pachydermata,  cetacea,  solidungula,  camelidie).  In  the  ruminant^f 
the  villi  are  arranged  in  groups  or  cotyledons,  which  grow  into  the  uterine  mucous 
membrane,  from  which  they  are  pulled  out  at  birth.  (6)  In  the  deeiduaia,  there  is 
such  a  firm  union  between  the  chorionic  villi  with  the  utexina  mucous  membrane^ 
that  the  uterine  part  of  the  placenta  comes  away  with  the  Ibstal  part  at  birth.  In 
this  case  the  placenta  is  either  zonary  (camivora,  pinnipedia,  elephant),  or  discoid 
(apes,  iDsectivoca,  edentata^  rodentia). 
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446.  GliroDology  of  Human  Development 

BeTOlopmOllt  during  the  Ist  Montlt — At  the  12ih-13th  day  the  oyjun  is 
aaocuUur  (B'5  mm.  and  3  mm.  in  diameter);  there  is  fdmply  the  blastodermic 
-vesicle,  with  the  blastoderm  at  one  part,  consisting  of  two  layers;  the  zona 
pellacida  beset  with  small  villi  (Reichert). 

At  the  15th-16th  day,  the  ovmn  (5-6  mm.)  is  covered  with  simple  cylindrical 
villi.  The  zona  pellucida  consists  of  embryonic  connective-tissue,  covered  with  a 
layer  of  flattened  epithelium.  The  primitive  groove  and  the  lamins  dorsales 
appear.    Then  follows  the  stage  when  the  allantois  is  first  formed. 

At  the  15th>18th  day,  Coste  investigated  an  ovnm.  It  was  13*2  mm.  long,  with 
small  branched  villi  ;  the  embryo  itself  was  2*2  nmi.  long,  of  a  carved  form,  and 
with  a  moderately  enlarged  cephalic  end.  The  amnion,  umbilical  vesicle  with  & 
wide  vitelline  duct,  and  the  allantois  were  developed,  tiie  last  already  united  to 
the  false  amnion.  The  S-formed  heart  lies  in  the  cardiac  cavity,  shows  a  cavity 
and  a  bulbus  aortse,  but  neither  auricles  nor  ventricles.  The  visceral  arches  and 
clefts  are  indicated,  but  they  are  not  perforated.  The  omphalo-mesenteric  vessels 
forming  the  first  circulation  on  the  nmbilicsl  vesicle  are  developed,  the  duct 
(vitelline)  is  still  quite  open,  and  two  primitive  aortee  run  in  firont  of  the  proto* 
vertebrae.  The  allantois  attached  to  the  foetal  membranes  is  provided  with  blood- 
vessels. The  two  omphalo-mesenteric  veins  unite  with  the  two  umbilical  veins^ 
and  pass  to  the  venous  end  of  the  heart.  The  mouth  is  in  process  of  f ormation« 
The  limbs  and  sense-organs  absent ;  the  Wolffian  bodies  probably  present. 

At  the  20th  day,  all  the  visceral  arches  are  formed,  and  the  clefts  are  perforated. 
The  mid  brain  forms  the  highest  part  of  the  brain,  while  the  two  auricles  appear 
in  the  heart.  The  connection  with  the  umbilical  vesicle  is  still  moderately  wide. 
The  embryo  is  2*6-^*3-4  mm.  long,  while  the  head  is  turned  to  one  side  (His).  At 
a  slightly  later  period  the  temporal  and  cervical  flexures  take  place,  and  the  hemi- 
spheres appear  more  prominently ;  the  vitelline  duct  is  narrowed,  the  position  of 
the  liver  is  indicated,  while  the  limbs  are  still  absent  (His). 

At  the  21st  day,  the  ovum  is  13  mm.  long,  and  the  embryo  4-4*6  mm.;  the 
umbilical  vesicle  2-2  mm.,  and  the  intestine  almost  closed.  Three  branchial  clefts. 
Wolffian  bodies  laid  down,  and  the  Jirst  appearance  qf  the  Imibs,  three  cerebral 
vesicles,  auditory  capsules  present  (R.  Wagner).  Coate  also  observed,  in  addition, 
the  nasal  pits,  eye,  the  opening  for  the  mouth,  with  the  frontal  and  superior 
maxillary  processes,  the  heart  with  two  ventricles  and  two  auricles. 

End  of  the  Ist  Month.— The  embryos  of  25-28  days  are  characterised  by  the 
distinctiy  stalked  condition  of  the  umbilical  vesicle  and  the  distinct  presence  of 
limbs.  Size  of  the  ovum,  17*6  mm.;  embryo,  13  mm.;  umbilical  vesicle,  4*5  mm., 
with  blood-vessels, 

2nd  Month.— The  embryos  of  28-35  days  are  more  elongated,  and  all  the 
branchial  clefts  are  closed  except  the  first.  The  allantois  has  now  only  three 
vessels,  as  the  right  umbilical  vein  is  obliterated.  At  the  5th  week,  the  nasal  pits 
are  united  by  furrows  with  the  angle  of  the  mouth,  which  close  to  form  canals  at 
the  6th  week  (Toldt).  At  35-42  days  the  nasal  and  oral  orifices  are  separated,  the 
fiice  is  flat,  the  limbs  show  three  divisions,  the  toes  are  not  so  sharply  defined  as 
the  fingers.  The  outer  ear  appears  as  a  low  projection  at  the  7th  week.  The 
Wolffian  bodies  are  much  reduced  in  size. 

End  of  the  Snd  Month.— Ovum,  6i  cm.;  villi,  1  -3  mm.  long ;  the  circulation 
on  the  umbilical  vesicle  has  disappeared ;  embryo,  26  mm.  long,  and  weighs  4 
grammes.  Eyelids  and  nose  present^  umbilical  cord  8  mm.  long,  abdominal  cavity 
closed,  ossification  beginning  in  the  lower  jaw,  clavicle,  ribs,  bodies  of  the  ver-* 
tebraa ;  sex  indistinct,  kidneys  laid  down. 

3rd  Month. — Ovum  as  large  as  a  goose's  egg,  beginning  of  the  placenta,  embryo 
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7-9  cm.,  weighiog  20  graminea^  and  is  now  spoken  of  as  a/ce^us.  External  ear 
well  formed,  ombilical  cord  7  cm.  long.  Beginning  of  the  difference  between  the 
sexes  in  the  external  genitals,  nmbilicus  in  the  lower  fourth  of  the  linea  alba. 

4th  Month.— Foetus,  17  cm.  long,  weighing  120  grammes,  sex  distinct,  hair  and 
nails  beginning  to  be  formed,  placenta  weighs  80  grammes,  umbilical  oord  19 
cm.  long,  umbilicus  above  the  lowest  fourth  of  the  linea  alba,  contractions  or  move- 
ments of  the  limbs,  meconium  in  the  intestine,  skin  with  blood-vessels  shining 
through  it,  eyelids  dosed. 

5th  Konth.— Fcetus,  18-27  cm.,  weighing  284  grammes ;  hair  on  the  head 
and  lanugo  distinct ;  skin  still  somewhat  red  and  thin,  and  covered  with  vemix 
caseosa  (§  287,  2),  is  less  transparent ;  weight  of  placenta,  178  grammes ;  umbilical 
cord,  31  cm.  long. 

SthMontlL — Foetus,  28-34  cm.,  weighing  634  grammes;  lanugo  more  abundant; 
vemix  more  abundant;  testicles  in  the  abdomen;  pupillary  membrane  and  eye- 
lashes present ;  meconium  in  the  large  intestine. 

7th  Month. — Foetus,  28*34  cm.  long,  weighing  1,218  grammes,  the  descent  of  the 
testicles  begins—ons  testicle  in  the  inguinal  canal,  the  eyes  open,  the  pupillary 
membrane  often  absorbed  at  its  centre  in  the  28th  wec^.  In  the  brain  other 
fissures  are  formed  besides  the  primary  ones.  The  foetus  is  capable  of  living 
independently.  At  the  beginning  of  this  month,  there  is  a  centre  of  ossification  in 
the  OS  calcis. 

8th  Month.— Foetus,  42.cm.,  weighing  1*5-2  kUos.  (3*3-4*4  lbs.),  hair  of  the 
head  abundant,  1*3  cm.  long,  nails  vrith  a  small  margin,  umbilicus  below  the 
middle  of  the  linea  alba,  one  testicle  in  the  scrotum. 

9th  Month.— Foetus,  47  cm.,  weighing  2^  kilos.  (5*5  lbs.),  and  is  not  distinguish- 
able  from  the  child  at  the  full  period. 

FcBtns  at  the  Full  Period.— Length  of  body,  51  cm.  [20  inches],  weight,  3^ 
kilos.  [7  lbs.],  lanugo  present  only  on  the  shoulders,  skin  white.  The  nails  of  the 
fingers  project  beyond  the  tips  of  the  fingers,  umbilicus  slightly  below  the  middle 
of  the  linea  alba.  The  centre  of  ossification  in  the  lower  epiphysis  of  the  femur  is 
4-8  mm.  broad. 


Period  of  Gestation  or  Incnbation. 


Coluber, 
Hen,    . 
Duck,  . 
Goose,  . 
Stork,  . 
Cassowary, 
Mouse, 
Babbit, 
Hare,  . 


DftyB. 
12 

29 
42 
65 
24 

I  32 


Hat,  . 
Guinea  Pig, 
Cat,  . 
Marten, 
Dog,  . 
Fox,  . 
Foumart, 
Badger, 
Wolf,  . 


WeekB. 
5 

7 
I    8 


9 


10 


Lion,    . 

p«.   • 

Sheep, . 
Goat,  . 
Roe,  . 
Bear,  . 
Small  Apes, 
Deer,  . 
Woman, 


Weeks. 
14 
17 
21 
22 
24 

I  30 

3&-43 
40 


Horse,  Camel,  13  months;  Rhinoceros,  18  months ;  and  the  Elephant,  24 ^months 

(Schenk). 

Limitation  of  the  supply  of  0  to  eggs,  during  incubation,  leads  to  the^formation 
of  dwarf  chicks. 


447.  Formation  of  the  Osseous  System. 

Vertebral  ColnnUL— The  ossification  of  the  vertebroi  begins  at  the  8th  to  the 
9th  week,  and  first  of  ail,  there  is  a  centre  in  each  vertebral  arch,  then  a  centre  is 


1142  DEVELOPMENT  OF  THE  OSSEOUS  STSTEBi. 

fonned  in  the  body  behind  the  chorda  (Robin),  which,  however,  is  oompoeed  of 
t«o  closely  apposed  centres.  At  the  5th  month,  the  osseous  matter  has  reached 
the  sur&oe,  the  chorda  within  the  body  of  the  -vertebra  is  compressed ;  the  three 
parts  unite  in  the  1st  year.  The  athu  has  one  centre  in  the  anterior  aich  and  two 
IB  tita  posterior ;  they  unite  at  the  3rd  year.  The  epistropheus  has  a  centre  at 
tks  1st  year.  The  three  points  of  the  sacral  vertebrae  unite  or  ancfaylose  between 
tks  2Dd  and  the  6th  year,  and  all  the  yertebrge  (sacral)  become  united  to  form  one 
body  between  the  18th  and  25th  years.  Each  of  the  four  coccygeal  yertebr»  has 
a  centre  firom  the  Ist  to  10th  year.  The  vertebras  in  later  years  produce  1-2 
oantKes  in  each  prooess ;  1-2  centres  io  each  transverse  process ;  1  in  the  mammil- 
laiy  process  of  the  lumbar  vertebras ;  and  1  in  each  articular  process  (8-15  years). 
Of  the  upper  and  under  surfaces  of  the  body  of  a  vertebra,  each,  forms  an  eid- 
pl^sial  thin  osseous  plate,  which  may  still  be  visible  at  the  20th  year.  Groups  of 
tfae  cells  of  the  chorda  are  still  to  be  found  within  the  inter-vertebral  discs.  As 
long  as  the  coccygeal  vertebras,  the  odontoid  process,  and  the  base  of  the  skull  are 
eastilaginous,  they  still  contain  the  remains  of  the  chorda  (H.  Miiller).  The 
«eocygeal  vertebras  form  the  tail,  and  they  originally  project  in  man  like  a  tail 
(Fig.  474^  IX,  T),  which  is  ultimately  covered  over  by  the  growth  of  the  soft 
farts  (His). 

The  zibs  bud  out  from  the  proto-vertebras,  and  are  represented  on  each  vertebra. 
The  thoracic  ribs  become  cartilaginous  in  the  2nd  month  and  grow  forwards  into 
the  wall  of  the  chest,  whereby  the  7  upper  ones  are  united  by  a  median  portion 
(Bathke),  which  represents  the  position  of  one  half  of  the  sternum,  and  when  the 
two  halves  meet  in  the  middle  line,  the  sternum  is  formed.  When  this  does  not 
oeeur,  we  have  the  condition  of  drft  «<er»tcffk  At  the  6th  month,  there  is  a  centre 
of  ossification  in  the  manubrium,  then  4-13  in  pairs  in  the  body,  and  1  in  the 
process.  Each  rib  has  a  centre  of  ossification  in  its  body  at  the  2nd 
ith,  and  at  the  8th  to  14th,  one  in  the  tubercle  aind  another  in  the  head.  These 
anchylosa  at  the  14th-25th  year.  Sometimes  cervical  ribs  are  present  in  man,  and 
they  ace  largely  developed  in  birds. 

The  skull. — ^The  chorda  extends  forwards  into  the  axial  part  of  the  base  to  the 
sphenoid  bone.  The  skull  at  first  is  mem^trwiyoua  (primordial  cranium);  at  the  2nd 
month,  the  basal  portion  becomes  eortt^itiotw,  including  the  occipital  bone, 
except  the  upper  half,  the  anterior  and  posterior  part  and  wings  of  the  sphenoid 
bone,  the  petrous  part  and  mastoid  process  of  the  temporal  bone,  the  ethmoid 
with  the  nasal  septum,  and  the  cartilaginous  part  of  the  nose.  The  other  parts  of 
the  skull  remain  membranous,  so  that  there  is  a  cartilaginous  and  a  membranous 
primordial  cranium. 

I.  The  occipital  bona  has  a  centre  of  ossification  in  the  basilar  part  at  the  3rd 
month,  and  one  in  the  condyloid  part  and  another  in  the  fossa  cerebelli,  while 
there  are  two  centres  in  the  membranous  cerebral  fossas.  The  four  centres  of  the 
body  unite  daring  intra>uterine  life.  All  the  other  parts  unite  at  the  l8t-2nd 
year. 

II.  The  post-sphenoid.— From  the  3rd  month,  it  has  two  centres  in  the  sella 
turcica,  two  in  the  sulcus  caroticus,  two  in  both  great  wings,  which  also  form  the 
lamina  externa  of  the  pterygoid  process,  while  the  non-cartilaginous  and  previously 
formed  inner  lamina  arises  from  the  superior  maxillary  process  of  the  first  branchial 
arch.  During  the  first  half  of  festal  life,  these  centres  unite  as  far  as  the  great 
wings ;  the  dorsum  sellas  and  the  clinoid  process,  as  far  as  the  synchondrosis 
spheno-occipitalis,  are  still  cartilaginous,  but  they  ossify  at  the  13th  year. 

III.  The  pre-sphenoid  at  the  8th  month  has  two  centres  in  the  small  wings 
and  two  in  the  body.  At  the  6th  month  they  unite,  but  cartilage  is  still  found 
within  them  even  at  the  13th  year. 

IV.  The  ethmoid  has  a  centre  in  the  labyrinth  at  the  5th  month,  then  in  the 
Ist  year  a  centre  in  the  central  lamina.    They  unite  about  the  5th  or  6th  year. 
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V.  AiDongBt  tbe  mombrimOIU  bonei  b^^  tbe  inner  lambiA  of  the  pterygoid  ■pn- 
cew  (one  oentre),  tia  upper  half  of  tbe  taboUr  pUte  of  the  occipital  (tiro  pointe), 
the  pmrietaJ  bone  (one  centre  in  the  p&rietol  eminence),  the  frontal  base  (oae 
doable  centre  in  the  frontkl  eminenoe),  thrM  small  centrsi  in  the  aaaal  Bpioe,  tfbm, 
trochlearia  and  zygomatia  process,  nasal  (one  centre),  the  edges  of  the  parietal 
bones  (one  ceotre),  the  tympanic  ring  (one  centre),  the  lachrymal,  vomer,  and 
intermaxillary  bone, 

1'be  facial  bonflS  >^^  intimately  related  to  the  transformations  of  the  frrantAiof 
archea  and  brfmchiai  defli.  The  median  end  of  the  first  branchial  arcll  projects 
inwards  from  each  side  towards  the  lai^  oral  apertnre.  It  has  two  processes,  the 
tuperior  maxillary  proceea,  which  grows  more  laterally  towards  the  side  of  the 
month,  and  the  ir[ferior  maxiilary  proeea,  which  smromids  the  lower  margin  of 
the  moath  (Fig.  474,  IX).  From  above  downwards  there  grows  as  an  elongation  of 
the  basis  cianii  the  Jrtmial  proctm  {>),  a  broad  process  with  a  point  [y)  at  its  lower 
and  oater  angle,  the  inner  nasal  process.  The  frontal  and  the  superior  maxillary 
(r)  processes  nnite  with  each  other  in  sach  a  way  that  the  former  projects  between 
the  two  latter.  At  the  same  time  there  is  anchylosed  with  the  superior  mauUary 
process,  the  small  exlernat  naiat  proem  (n),  a  prolongation  of  the  lateral  part  of 
the  skull,  and  lying  above  the  superior  maxillary  process.  Between  the  latter 
and  tbe  outer  tuual  process  is  a  slit  leading  to  tiie-  eye  (a).  Thus,  the  month  is 
cDt  off  from  the  nasal  apertures  which  lie  above  it.  Bnt  the  Mparatlon  i*  oou- 
tinaed  also  within  the  mouth ;  the  superior  maxillary  proceaa  prodnces  the  n^fv 
jaw,  the  nasal  process,  and  the  intermaxillaiy  process  (Goethe) — the  latter  is  pnwnt 
in  man,  but  is  united  to  the  upper  jaw.  The  mUrmaxUlaTy  bone,  which  in  many 
animals  remains  sa  a  separate  bone  (oa  inoisivnm),  carries  the  incisor  teeth.  At 
the  9(h  week  the  hard  palate  is  closed,  and  on  it  rests  the  septnm  of  the  sese, 
descending  vertically  from  the  frontal  process.  The  lower  jaw  is  formed  frtmt. 
the  inferior  maxillary  process.  At  the  cironinference  of  the  oral  aperture  the  lija 
and  the  alveolar  walls  are  formed.  The  tongue  is  formed  behind  the  point  of  tfae 
nnion  of  the  second  and  third  branchial  arches  (His) ;  while,  according  to  Bom, 
it  is  formed  by  an  intermediate  part  between  the  inferior  maiillary  processes. 

These  transformations  may  be  interrupted.  If  the  frontal  proceu  ii  iiimmi 
separate  from  the  superior  maxillary  proceeses,  then  the  month  is  not  separated 
from  tbe  nose.  This  separation  m^  oeoor  only  in  the  soft  parts,  constitotiag 
hare-lip  (Fig.  477),  or  it  may  involve  the  hard  palate  constitating  d^  pai^t. 
Both  conditiona  may  occnr  on  one  or  both  sides. 
From  the  posterior  part  of  the  first  bfsnchiai 
arch  are  formed  the  malletu  (ossified  at  the  4tii 
month),  and  JfeabeTs  eariilage  (Fig.  478),  which 
proceeds  from  the  latter  behind  the  tympanic  ring 
as  a  long  cartUaginons  piooeea,  extending  along 
the  inner  side  of  the  lower  jaw,  almost  to  its 
middle.  It  disappears  after  tbe  6tb  month ;  still 
its  posterior  part  fonns  tbe  internal  lateral  liga- 
ment of  the  maziliary  arlionlation.  Near  where  it 
leaves  tbe  malleiu  is  tbe  processus  Folii  (Bau- 
mUller).     A  part  of  its  median  end  ossifies,  and  _.      ,-_ 

unites  with  the  lower  jaw.     The  lower  jaw  is  laid  ^' 

down  in  membrane  from  tie  first  branchial  arch.         Hare-lip  on  the  left  mda. 
while  the  angle  and  condyle  are  formed  from  a 

carlilaginons  process.  The  union  of  botb  bones  to  form  the  chin  occurs  at  Ifce 
1st  year.  From  the  snperin'  maxillary  process  are  formed  the  inner  lamella  of  tk» 
pterygwd  prooesi,  the  palatine  process  of  the  upper  jaw,  and  the  palatine  bone  Mt 
tbe  end  of  tbe  2nd  month,  and  lastly  the  malar  bone. 

The  Beooad  arch  [hf/aid],  arising  from  the  temporal  bonc^  and  running  parallel 
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with  the  first  >rch,  givea  rue  to  tbe  stap«a  (kltiioD^jh,  ■ccording  to  SKlwuky,  this  ia 
derived  from  the  first  arch),  the  etninetitik  pjmtmidalit,  with  the  atapedios  mnacle, 
the  incna,  the  styloid  prooesB  of  the  temporal  bone,  the  (formerlj  eartilsgininis) 
atylo-hyoid  ligwosnt,  the  (m&ller  conin  of  the  hyoid  bone,  and  lastly  the  glt>SK>- 
pttbtiiie  sTch  (His). 


fig.  478. 
loner  view  of  the  lower  jaw  of  on  embryo  pig  3  inches  long  x  3^ — mi,  Meckel's 
cartiltge ;  d,  dentary  bone ;  c  r,  coronoid  process ;  a  r,  articular  process  (con- 
dyle); ag,  angular  process ;  ml,  msllens;  mb,  manubnnm  (W.  E.  Parker). 

Tbe  third  Uoh  [tlti/ro-hyoid]  forma  the  greater  comn  and  body  of  the  hyoid 
bone  and  the  pharyngo-palatine  arch  (His). 

The  fourth  arch  gives  rise  to  the  thyroid  cartilage  (His). 

Branchial  Clsftl.— The  jfrsC  branchial  or  visceral  cleft  ia  repreaented  by  the 
external  auditory  meatu,  the  tympanic  cavity,  and  the  Enstacbian  tube ;  all  the 
other  clefts  close.  Should  one  or  other  of  the  clefta  remain  open,  a  condition  that 
is  sometimea  hereditary  in  aome  families,  a  etnical  Jittrda  results,  and  it  may  be 
formed  either  from  without  or  within.  Sometinies  only  a  Uind  diverticnlom 
remains.  Bronchiogenic  tntnonra  and  cyata  depend  upon  the  branchial  arches 
(R.  Volkmann). 

[Rfflation  of  Branolual  Clefts  to  Heroes. — it  is  important  to  note  that  the 
defta  in  front  of  tbe  month  ipre-oml),  and  those  behind  it  (pott-ott^,  have  a  rela- 
tion to  certAin  nerves.  The  lachrynai  slit  between  the  frontal  and  nasal  prooMsee 
ia  anpplied  by  the  1st  division  qf  the  trigeminus.  The  naeal  $lit  between  the 
■uparior  maxillary  process  and  the  nasal  prooess  is  supplied  by  the  bifiircatiou  of 
the  3rd  nerve.  The  oral  d^,  between  the  superior  maxillary  processes  and  the 
mandibular  arch,  ia  aupptied  by  the  2iuj  and  3rd  diviiioiu  qf  Ihe  trtgevutme.  The 
firat  poat-oral  or  tympanic- Ed stachian  deft,  between  tbe  mondibnlar  arch  (lat) 
and  tbe  hyoid  arch  is  anpplied  by  the  portio  dura.  The  next  cleft  is  supplied  by 
the  gloMO-pharyngeal,  and  the  sncceeding  clefta  by  branches  of  the  vofpie.l 

The  thyiDIU  and  thyroid  fflandl  >^e  formed  as  paired  diverticnla  from  the 
epithelinm,  covering  the  braucElal  srchea.  The  epithelium  of  the  last  two  clefts 
does  not  disappear  (pig),  bat  proliferates  and  pnahes  inward;  cylindrical  processes, 
which  develop  into  two  epi^elial  vesicles,  the  paired  commenoement  of  the 
thyroid  glanda.  Theae  veaicles  have  at  first  a  central  alit,  which  commnnicatea 
with  the  pharynx  (Wiilfler).  According  to  His,  the  thyroid  gUnd  appears  as  an 
epithelial  veaicle  in  the  region  of  the  2nd  pair  of  visceral  arches  in  front  of  the 
tongue — in  man  at  the  4th  week.  Solid  buds,  which  ultimately  become  hollow, 
are  given  off  from  the  cavity  in  the  centre  of  the  embryonic  thyroid  gland.  The 
two  glands  ultimately  unite  together.  The  only  epithelial  part  of  the  thyram 
which  remaina  ia  the  sO'Called  concentric  corpnaolee  (p.  212).  According  to  Bom, 
this  gland  ia  a  diverticalum  from  the  3rd  cleft,  while  His  ascribes  its  origin  to  the 
4th  and  Sth  aortic  archea  in  man  at  the  4th  week.  The  carotid  gland  ia  of  epi- 
thelial origin,  being  a  variely  of  the  thyroid  (Stieda). 

The  liztreillitiei.— The  origin  and  course  of  the  nervee  of  the  brachial  plexus 
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show  that  the  upper  extremity  was  originally  placed  much  nearer  to  the  craniam, 
while  the  positiou  of  the  posterior  pair  oorresponda  to  the  last  lumbar  and  the  3rd 
or  4th  sacral  vertebrse  (His). 

The  clavicle,  according  to  Bmch,  ia  not  a  membrane  bone,  but  is  formed  in 
■cartilage  like  the  fiirculum  of  birds  (Gegenbaur).  At  the  2nd  month  it  is  four  times 
AS  large  as  the  upper  limb;  it  is  the  first  bone  to  ossify  at  the  7th  week.  At 
puberty  a  sternal  epiphysis  is  formed.  Epistemal  bones  must  be  referred  to  the 
davicles  (G()tte).  Buge  regards  pieces  of  cartilages  existing  between  the  clavicle 
and  the  sternum,  as  the  analogues  of  the  episternum  of  animals.  The  clavicle  is 
•absent  in  many  mammals  (camivora) ;  it  is  very  large  in  flying  animals,  and  in 
the  rabbit  is  half  membranous.  The  furculum  of  birds  represents  the  united 
clavicles. 

The  scapula  ^t  first  is  united  with  the  clavicle  (Bathke,  GStte),  and  at  the 
«nd  of  the  2iid  month  it  has  a  median  centre  of  ossification,  which  rapidly  extends. 
Morphologically,  the  accessory  centre  in  the  coracoid  process  is  interesting ;  the 
latter  also  forms  the  upper  part  of  the  articular  surface.  In  birds,  the  correspond- 
ing structure  forms  the  corcuoid  bone,  and  is  united  with  the  sternum;  while  in 
man,  only  a  membranous  band  stretches  firom  the  tip  of  the  coracoid  process  to 
the  sternum.  The  long,  basal,  osseous  strip,  corresponds  to  the  euprcuoapular 
hone  of  many  animals.  The  other  centres  of  ossification  are— one  in  the  lower 
angle,  two  or  three  in  the  acromion,  one  in  the  articular  surfiice,  and  an  inconstant 
one  in  the  spine.     Complete  consolidation  occurs  at  puberty. 

The  hnmeniS  ossifies  at  the  8th  to  the  9th  week  in  its  shaft.  The  other 
oentres  are— one  in  the  upper  epiphysis,  and  one  in  the  capitellum  (1st  year) ;  one 
In  the  great  tuberosity  and  one  in  the  small  tuberosity  (2nd  year) ;  two  in  the 
oondyles  (5th-10th  year);  one  in  the  trochlea  (12th  year).  The  epiphyses  unite 
with  the  shaft  at  the  I6th-20th  year. 

The  radins  ossifies  in  the  shait  at  the  3rd  month.  The  other  centres  are— one 
In  the  lower  epiphysis  (5th  year),  one  in  the  upper  (6th  year),  and  an  inconstant 
one  in  the  tuberosity,  and  one  in  the  styloid  process.    They  unite  at  puberty. 

The  nluft  also  ossifies  in  the  shaft  at  the  3rd  month.  There  is  a  centre  in  the 
lower  end  (6th  year),  two  in  the  olecranon  (llth-14th  year),  and  an  inconstant  one  in 
the  coronoid  process,  and  one  in  the  styloid  process.    They  consolidate  at  puberty. 

The  carpus  is  arranged  in  mammals  in  two  rows.  The  Jirat  row  contains  3 
bones — the  radial,  intermediate,  and  ulnar  bones.  In  man  these  are  represented 
by  the  scaphoid,  semilunar,  and  cuneiform  bones ;  the  pisiform  is  only  a  sesamoid 
bone  in  the  tendon  of  the  flexor  carpi  ulnaris.  The  second  row  really  consists  of  as 
many  bones  as  there  are  digits  {e.g,,  salamander).  In  man  the  common  position 
of  the  4th  and  5th  fingers  is  represented  by  the  unciform  bone. 

Morphologically,  it  is  interesting  to  observe  that  an  os  centrale,  corresponding  to 
the  OS  carpale  centrale  of  reptiles,  amphibians,  and  some  mammals,  is  formed  at 
first,  but  disappears  at  the  3rd  month,  or  unites  with  the  scaphoid.  Only  in  very 
rare  cases  is  it  persistent.  All  the  carpal  bones  are  cartilaginous  at  birth.  They 
ossify  as  follows : — Os  magnum,  unciform  (1st  year),  cuneiform  (3rd  year),  trape- 
zium, semilunar  (5th  year),  scaphoid  (6th  year),  trapezoid  (7th  year),  and  pisiform 
<12th  year). 

The  metacarpal  bones  have  a  centre  in  their  diaphyses  at  the  end  of  the  3rd 
month,  and  so  have  the  phalanges.  All  the  phalanges  and  the  first  bone  of  the 
thumb  have  their  cartilaginous  epiphyses  at  the  central  end,  and  the  other  meta- 
carpal bones  at  the  peripheral  end,  so  that  the  first  bone  of  the  thumb  is  to  be 
regarded  as  a  phalanx.  The  epiphyses  of  the  metacarpal  bones  ossify  at  the  2ndy 
And  those  of  the  phalanges  at  the  3rd  year.    They  consolidate  at  puberty. 

The  innominate  bone*  when  cartilaginous,  consists  of  two  parts— the  pubis 
.and  the  ischium  (Rosenberg).  Ossificatiou  he^na  with  three  centres— one  in  the 
Ilium  (3rd  to  4th  month),  one  in  the  descending  ramus  of  the  ischium  (4th  to  5th 
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iBMtth),  OM  ia  tin  luniaonU]  mam  (A  the  pnbii  (SUi  to  7tli  mnUi). 
the  Oth  to  the  Uth  ynr  thrM  esntra  are  formed  where  tlw  bodiee  of  the  thna 
bones  meet  in  the  ■oat&bnlmn,  anotlier  in  the  saperficica  anriculariB,  Mid  one  in 
tfee  ^mphjaiB.  Other  meotmorj  oenlrea  ktb  : — One  in  the  anterior  inferi<x-  sptat, 
tlM  erect  of  the  ilium,  the  tnbercsi^  and  the  tpine  of  the  Uchiam,  the  tuber- 
enlDm  paioM,  tmiinentift  ileopeetinea,  and  floor  of  the  aoetabnlnm.  At  fint,  tbe 
iwrwiftit  nmni  of  ilM  pabia  and  the  aacending  ramaa  of  the  iachiam  unite  at  the 
Tth-Mh  TMt;  tibe  Y-ahaped  mtnie  ia  the  aoetabalDm  remains  until  pabertj 
(I%.479). 

T^  tsmm  has  Its  middle  centre  at  the  end  of  the  2nd  month.  At  birth  tiMn 
b  R  omtoe  in  tbe  lower  eii^liyna ;  alightly  later  in  the  head.  In  addition,  there 
ii  one  in  the  great  trochanter 
[3rd  to  11th  year),  one  in  the 
Icaaar  troehHiter  {ISHi  to 
14411  year),  two  in  the  em- 
dyk*  (4th  to  8th  year) ;  aQ 
unite  about  the  time  of 
pnber^.  The  pai^ia  ia  a 
uaamoid  bone  in  the  toidon 
of  the  qoadricepB  femoria. 
It  ia  cartilaginoua  at  the  Snd 
nxmtk,  and  oaaifiea  bom  the 
1st  to  the  3rd  year. 

The  tarnu  gemerally  re- 
sembles the  carpus.  The 
oa  calds  oeeiEes  at  the  be- 
ginnin);  of  the  7th  montli, 
the  Aitragslus  at  the  be- 
ginning of  the  8^  month, 
the  cuboid  at  the  end  at  the 
10th,  tiie  BcaiiJioid  (1st  to  6th 
year),  the  I.  and  U.  cunei- 
form (Srd  year),  and  the  HL 
cuneiform  (4th  year).  An 
aocesaory  centre  is  formed 
in  the  heel  of  the  calcaneoin 
at  the  Sth-lOth  year,  which 
oonsolid&tee  at  puberty. 
The  metatATIol  bonei  <u«  formed  like  the  metacarpKle,  only  later. 
[KitOgnilMifl  of  Bone. — The  great  majority  of  our  bone*  are  laid  down  in 
eartHage,  or  are  preceded  by  a  cartilagiuoos  stage,  including  the  bonea  i£  the 
nnba,  backbone,  base  of  the  ekult,  sternum,  and  ribs.  These  ooniist  of  solid 
maases  of  hyaline  oartilage,  covered  by  a  membrane,  which  is  identical  with,  and 
ultimately  becomes,  the  periosteum.  The  formation  of  bone,  when  pvceded  by 
oartilage,  ia  called  mdoehondral  bone.  Some  bones,  aach  tw  the  tabular  bonea  of 
the  vaolt  of  the  cranium,  the  facial  bones,  and  p&rt  of  the  lower  jaw,  are  not 
preoeded  by  oartilage.  In  the  latter,  there  ia  merely  &  membrane  present,  while 
ftxnn  ^A  in  It  the  fnture  bone  ia  formed.  It  becomes  the  future  perioateom  a 
wdL    IWs  !•  called  the  hOra-werabranoiu  or  perituUal  mode  of  formaticm.] 

[BndodlOIldral  Fomutioil.— (l.)  The  cartilage  haa  the  shape  of  the  fhtnre 
bene  only  in  miniature,  and  it  ia  covered  with  perioeteum.  In  the  cartilage  an 
opaque  spot,  or  centre  of  osaification,  appear*,  due  to  the  depoaiticm  of  lime-salt*  in 
Hb  matrfi.  The  cartilage  cell*  proliferate  in  this  area,  but  the  first  bone  is  formed 
under  the  periosteum  in  the  shaft,  so  that  an  osseous  caas  like  a  muff  surrounds 
tiM  cartilage.    This  bone  ia  formed  by  the  sub-perioeteal  otttoblattt.     (2.)  Blood- 
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Tessels,  accompanied  by  osteoblasts  and  connective-tissiie,  grow  into  the  cartilage 
from  the  osteogenic  layer  of  the  periosteum  [periosteal  processes  of  Yirchow),  so 
that  the  cartilage  becomes  channelled  and  vascular.  As  these  channels  extend, 
they  open  into  the  already  enlarged  cartilage  lacuns,  absorption  of  the  matrix 
taking  place,  while  other  parts  of  the  cartilaginous  matrix  become  calcified.  Thns 
a  series  of  cavities,  bounded  by  calcified  cartilage — the  primary  medullary  cavities 
— are  formed.  They  contain  the  primary  or  cartilage  marrow^  consisting  of  blood- 
vessels, osteoblasts,  and  osteoclasts,  carried  in  from  the  osteogenic  layer  of  the 
periosteum,  and,  of  course,  the  cartilage  ceUs  that  have  been  liberated  from  their 
lacmue.  (3.)  The  osteoblasts  are  now  in  the  interior  of  the  cartilage,  where  they 
dispose  themselves  on  the  calcified  cartilage  and  secrete  or  form  around  them  aa 
osseous  matrix,  thus  enclosing  the  calcified  cartilage,  while  the  osteoblasts  them- 
selves become  embedded  in  the  products  of  their  own  activity  and  remain  as  bane^ 
corpuscles.  Bone,  therefore,  is  at  first  spongy  bone,  and,  as  the  primary  medullary 
spaces  gradually  become  filled  up  by  new  osseous  matter,  it  becomes  denser,  while 
the  calcified  cartilage  is  gradually  absorbed.  It  is  to  be  remembered  that,  pari 
p€issu  with  the  deposition  of  the  new  bone,  bone  and  cartilage  are  being  absorbed 
by  the  osteoclasts,} 

Chemical  Composition  of  Bone.^Dned  bone  contains  i  of  organic  matter  or 
ossein,  from  which  gelatin  can  be  extracted  by  prolonged  boiling ;  and  about  ) 
mineral  matter,  which  consists  of  neutral  calcic  phosphate,  57  per  cent.;  calcic  car- 
bonate, 7  per  cent. ;  magnesic  phosphate,  1-2  per  cent. ;  calcic  fluoride,  1  per  cent.,  with 
traces  of  chlorine ;  and  water,  about  23  per  cent.  The  marrow  contains  fluid  fat, 
albumin,  hypoxanthin,  cholesterin,  and  extractives.  The  red  marrow  containa 
more  iron,  corresponding  to  its  larger  proportion  of  haemoglobin  (Nasse). 

[The  meduUary  cavity  of  a  long  bone  is  occupied  by  yellow  marrow,  which  con- 
tains about  96  per  cent,  of  fat.  The  red  marrow  occurs  in  the  ends  of  long  bones^ 
in  the  flat  bones  of  the  skull,  and  in  some  short  bones.  It  contains  very  little  fat 
and  is  really  lymphoid  in  its  characters,  being,  in  fact,  a  (^hod-fomUng  tissue 
(p.  15).] 

Growth  of  Bones. — Long  bones  grow  in  thickness  by  the  deposition  of  new 
bone  from  the  periosteum,  the  osteoblasts  becoming  embedded  in  the  osseous 
matrix  to  form  the  bone-corpuscles.  Some  of  the  fibres  of  the  connective-tissue 
which  are  caught  up,  as  it  were,  in  the  process,  remain  as  8harpey*s  fibres,  which 
are  calcified  fibres  of  white  fibrous  tissue,  bolting  together  the  peripheric  lamelliB. 
[MuUer  and  Sch&fer  have  shown  that  there  are  also  fibres  in  the  peripheric 
lamellae,  comparable  to  yellow  elastic  fibres;  they  branch,  stain  deeply  with 
magenta,  and  are  best  developed  in  the  bones  of  birds.] 

At  the  same  time  that  bone  is  being  deposited  on  the  surface,  it  is  being 
absorbed  in  the  marrow  cavity  by  the  action  of  the  osteodasts,  so  that  a  metallic 
ring,  placed  round  a  bone  in  a  young  animal,  ultimately  comes  to  lie  in  the  medul- 
lary cavity  (Duhamel).  The  growth  in  length  takes  place  by  the  continual  growth 
and  ossification  of  the  epiphysial  cartilage.  The  cartilage  is  gradually  absorbed 
from  below,  but  it  proliferates  at  the  same  time,  so  that  what  is  lost  in  one  direc- 
tion is  more  than  made  up  in  the  other  (J.  Himter). 

When  the  growth  of  bone  is  at  an  end,  the  epiphysis  becomes  united  to  the 
diaphysis,  the  epiphysial  cartilage  itself  becoming  ossified.  It  is  not  definitely 
proved  whether  there  is  an  interstitial  expansion  or  growth  of  the  true  osseous 
substance  itself,  as  maintained  by  Wolff  (§  244,  9). 

[Howship's  LacnnSB. — The  osteoclasts  or  myeloplaxes  are  laxge  multhradear 
giant-cells,  which  erode  bone.  They  can  be  seen  in  great  numbers  lying  in  small 
depressions,  corresponding  to  them — ^Howship's  lacunae — on  the  fang  of  a  tern- 
porary  tooth,  when  it  is  being  absorbed.  They  are  readily  seen  in  a  microscopical 
section  of  spongy  bone  with  the  soft  parts  preserved.] 

The  form  of  a  bone  is  influenced  by  external  conditions.     The  bones  sre 
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stronger,  the  greater  the  activity  of  the  muacles  actiDg  on  them.  If  pressare  acting 
normally  upon  a  bone  be  removed,  the  bone  develops  in  the  direction  of  least 
resifltance,  and  becomes  thicker  in  that  direction.  Bone  develops  more  slowly 
on  the  side  of  the  greatest  external  pressure,  and  it  is  curved  by  unilateral  pres- 
sure (Lesshaft). 

448.  Development  of  the  Vascular  System. 

Heart.— [The  heart  appears  as  a  solid  mass  of  cells  in  the  splanchnoplenre,  at 
the  front  end  of  the  embryo,  immediately  imder  the  "fore-gut."  Very  soon  a 
cavity  appears  in  this  mass  of  cells;  some  of  the  latter  float  free  in  the  fluid,  while 
the  cellular  wall  begins  to  pulsate  rhythmically.  This  hollow  cellular  structure 
elongates  into  a  tube,  which  very  soon  assumes  a  shape  somewhat  like  an  S 
(Fig.  480,  1)],  and  there  are  indications  of  its  being  subdivided  into  (a)  an  upper 
aortic  part  with  the  buUnia  arterhtus;  {h)  a  middle  or  ventricular  pcaiy  and  (o)  a 
lower,  venous  or  auricular  part.  The  heart  then  curves  on  itself  in  the  form  of  a 
horse-shoe  (2),  so  that  the  venous  end  (A)  comes  to  lie  above,  and  slightly  behind, 
the  arterial  end.  On  the  right  and  left  side,  respectively,  of  the  venous  part  is  a 
blind,  hollow  outgrowth,  which  forms  the  large  auricle  on  each  side  (3,  o,  Oi).  The 
flexure  of  the  body  of  the  heart  corresponding  to  the  great  curvature  (2,  V)  is 
divided  into  two  large  compartments  (3),  the  division  being  indicated  by  a  slight 
depression  on  the  surface.  The  large  tnmcus  venosns  (4,  V),  which  joins  with  the 
middle  of  the  posterior  wall  of  the  auricular  part,  is  composed  of  the  superior  and 
inferior  vensB  cavae.  This  common  trunk  is  absorbed  at  a  later  period  into  the 
enlarging  auricle,  and  thus  arises  the  separate  terminations  of  the  superior  and 
inferior  vense  cave.  In  man,  the  heart  soon  comes  to  lie  in  a  special  cavity, 
which,  in  part,  is  bounded  by  a  portion  of  the  diaphragm  (His).  At  the  4th-5th 
week,  the  heart  begins  to  be  divided  into  a  right  and  a  left  half.  Corresponding 
to  the  position  of  the  vertical  ventricular  furrow,  a  septum  grows  upwards  vertic- 
ally in  the  interior  of  the  heart,  and  divides  the  venMcular  part  into  a  right  and 
left  ventricle  (5,  R,  L).  There  is  a  constriction  in  the  heart,  between  the  auriculsr 
and  ventricular  portions,  forming  the  canalis  auricularis.  It  contains  a  communi- 
cation between  the  auricle  and  both  ventricles,  lying  between  an  anterior  and 
posterior  projecting  lip  of  endothelium,  from  which  the  auriculo- ventricular  valves 
are  formed  (F.  Schmidt).  The  ventricular  septum  grows  upwards  toward  the 
canalis  auricularis,  and  is  complete  at  the  8th  week.  Thus,  the  large  undivided 
auricle  communicates  by  a  right  and  left  auriculo- ventricular  opening  with  the 
corresponding  ventricle  (5).  At  the  same  time  two  septa  (4,  p  a)  appear  in  the 
interior  of  the  truncua  arteriosus  (4,  p),  which  ultimately  meet,  and  thus  divide 
this  tube  into  two  tubes  (5,  ap),  the  latter  forming  the  aorta  and  pulmonary 
artery,  and  are  disposed  towards  each  other  like  the  tubes  in  a  double-barrelled 
gun.  The  septum  grows  downwards  until  it  meets  the  ventricular  septum  (5),  so 
that  the  right  ventricle  comes  to  be  connected  with  the  pulmonary  artery,  and  the 
left  with  the  aorta.  The  division  of  the  truncus  arteriosus,  however,  takes  place 
only  in  the  flrst  part  of  its  course.  The  division  does  not  take  place  above,  so  that 
the  pulmonary  artery  and  aorta  unite  in  one  common  trunk  above.  This  com- 
munication between  the  pulmonary  artery  and  the  aorta,  is  the  ductus  arteriosus 
BotaUi  (7,  B). 

In  the  auriolo  a  septum  grows  firom  the  front  and  behind,  ending  internally 
with  a  concave  margin.  The  vena  cava  superior  (6,  Cs)  terminates  to  the  right  of 
this  fold,  so  that  its  blood  will  tend  to  go  towards  the  right  ventricle^  in  the  direc- 
tion of  the  arrow  in  6,  as.  The  cava  inferior,  on  the  other  hand  (6,  Ci),  opens 
directly  opposite  the  fold.  On  the  left  of  its  orifice,  the  valve  of  the  foramen 
ovale  is  formed  by  a  fold  growing  towards  the  auricular  fold,  so  that  the  blood- 
current  from  the  inferior  vena  cava  goes  only  to  the  l^,  in  the  direction  of  the 
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amir,  y;  on  the  right  of  the  orifice  of  the  c«v«,  and  oppooite  the  fold,  ia  the 
EostMhian  valve,  which,  in  conjunction  with  the  tuberde  of  Lower  (IL),  directa 


Fig.  480. 


Development  of  the  Heart— 1,  Early  appearance  of  the  heArt;  a,  aortic  part,  with 
the  bulbni,  b ;  v,  venona  end.     2,  Uorse-ihoe  shaped  cnrvinK  of  the  heart— 
a,  aortic  end,  with  the  balbiu,  b}  V,  ventricle;  A,  anricnlar  part     3,  Forma- 
tion of  the  auricular  appendages,  o,  0|,  and  the  external  furrow  in  the  ventricle. 
4,  Commencing  division  of  the  aorta,  p,  into  two  tubes,  a.    6,  View  from 
behind  of  the  opened  auricle,  v,  v,  into  the,  L  and  B,  ventricles,  and  between 
the  two  latter  the  projecting  ventricular  eeplum,  while  the  aorta  (a)  and 
pulmonary  artery  (p)  open  into  their  respective  ventriclea.     6,  Relation  of  Uie 
orifices   of  the  superior   [Ca)   and  inferior  vena  cava    (Ci)    to  the  auricle, 
(schematic  view  from  above)— i,  direction  of  the  blood  of  the  superior  vena 
cava  into  the  right  auricle;  y,  that  of  the  iuferior  cava  to  the  left  auricle ; 
IL,  tubercle  of  Lower.  7,  Heart  of  the  ripe  fcetns— fl,  right,  L,  left  ventricle ; 
a,  aorta,  with  the  innominate,  c,  c,  carotid  e,  and  left  subclavioa  artery,  « ; 
.5,  dttctns  arterioans;  p,  polmouat;  artery,  with  the  small  branches,  1  and  t, 
to  the  lungs. 
the  Btream  from  the  inferior  veoa  cava  to  the  left  into  the  left  auricle,  through  the 
perviona  ./bntnun  ovalt.     Compare  the  fcetal  circulation  (p.  113S).      Afterbirth, 
the  valve  of  the  foramen  ovale  cloeea  that  apertm«,  while  the  dnctns  arterioana 
also  becomes  impervious,  to  that  the  blood  of  the  pulmonary  artery  ia  foKed  to  go 
through  the  pulmonor;  bnmchea  proceeding  to  the  expanding  lungs.     Sometimea 
the  foramen  ovale  remains  pervious,  giving  rise  to  serioui  symptoms  after  a  time, 
and  constituting  raorimt  eenUeia, 

Arteries.— With  the  formation  of  the  bronchial  arches  and  clefts,  the  Dumber 
of  aortic  arches  on  each  side  becomes  increased  to  6  (Pig.  481),  which  run  above 
and  below  each  branchial  cleft,  in  a  branchial  aich,  and  then  all  reunite  behind  in 
a  common  descending  trunk  (2,  ad)  (Rathke).  These  blood-ve«seU  remain  onjf 
in  animals  thst  breathe  by  gills.     In  man,  the  npper  two  archea  disappear  com- 
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plstelj  (3).  Wbea  the  tranctu  Mteriotiu  diTidea  into  tbe  pnlnuniary  artttj  u 
the  aorta  (4,  P,  A),  the  lomet  aroh  <»i  the  left  aide,  witii  iti  origin,  fonnt  tl 
pulniotieiy  artery  (4),  and  it  ipringB  from  the  right  side  of  the  heart    Of  then  tl 

,2-1  3.  _  4.^ 


Fig.  *ei. 

The  aortic  archea— 1,  The  first  position  of  the  1,  2,  and 3 arches;    2,   5  aortie 

archee;  In,  common  aortic  tmiik;  ad,  descending  aorta.   3,  DiBappearanoe  of 

tbe  npper  two  arcbea  on  each  aide — 8,  inbclavian  artery ;  v,  vaielxal  artery; 

ax,  axillary  artery.    4,  Transition  to  tbe  final  sb^e — P,  pnlMMnaiy  artsy; 

J,  aorta;  dB,  dnctus  arterioaua  (Botalli) ;  iS',  right  sabclariac,  nnited  with 

the  right  common  carotid,  which  divides  into  the  internal  [Ci)  and  external 

carotid  (CV) ;  ax,  axiUary ;  v,  rertebral  artery. 

le/t  lowest  an:hform8the(Iucfu«arlrrMMUJ((f£),  and  from  the  commencemantvf  the 

latter  proceed  the  pnlmonary  branches  of  the  pulmonary  artery.    Of  tbe  remaining 

arcbea  which  are  imited  with 

I,  n.       \ — ■" 1        the  "orta,  the  left  middle 

one  (i.e.,  the  fourth  left) 
forms  the  permanent  aortio 
arch  into  which  the  dnctna 
arteriosus  opens;  while  the 
ri|;ht  one  (fourth)  (brma  the 
subclavian  artery,  the  third 
arch  forms  on  each  aide  the 
origin  of  the  carotidB(Ci,  <k). 
Tbe  arteriea  of  the  firat  and 
second  circulations  have 
been  referred  to  already 
(p.  1130).  When  the  umbili- 
cal vesicle,  with  its  primary 
circulation,  diminishes,  only 
one  omphalo  -  mesenteric 
artery  is  present,  which 
gives  a  branch  to  the  in- 
testine.    At  a  later  period, 

arteriea  atrophy,  while  the 
n„   482.  "^^   ^    *^    intertine— 

the    anperioT    meaeuterie'^ 
I.  First  appearance  of  tbe  veins  of   tbe  embryo,    becomes  the  largert  d  all, 
II,    Their    truiaformatksii    to   form   the   final   it  bong  originally  derived 
tnm  one  of  the  ongihaln- 


Telni  of  the  Body.— The  veins  fii«t  fbnned  in  tbe  hxfy  o/ lAe  emfrriro  >(«e{r  are 
Ote  two  cardinal  vam  ;  co  each  aide  an  anterior  (Fig.  4S2,  I.,  c  «),  a   ' 
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{c  i— Bathke),  which  proceed  towards  the  heart  and  irnite  on  each  side  to  form  a 
large  trunk,  the  duct  qf  Cuvier  (D  C),  which  passes  into  the  Tenons  part  of  the 
heart.  The  anterior  cardinal  veins  give  off;  the  subclavian  veins  {b  b)  and  the 
common  jngnlar  veins,  which  divide  into  the  external  (I  e)  and  internal  (J  i) 
jngalar  veins.  In  addition,  there  is  a  iraTisverte  antutomoHng  branch  passing 
obliquely  from  the  left  (where  it  divides)  to  the  right,  which  joins  their  trnnk 
lower  down.  In  the  final  arrangement  (11),  this  anastomosis  (A  «)  becomes  very 
large  to  form  the  2^  infwmincUe  van,  while,  with  the  growth  of  the  arms,  the  sub- 
clavian veins  increase  (6  b) ;  and,  lastly,  the  calibre  of  the  jugular  veins  changes, 
the  internal  jugular  (J  i)  becoming  veiy  large,  and  the  external  jugular  (I  e) 
smaller.  In  some  animals — e.g.^  the  dog  and  rabbit — the  large  embryonic  si^  is 
retaioed.  The  part  of  the  left  superior  cardinal  vein,  from  the  anastomosis  down- 
wards to  the  left  duct  of  Cuvier,  disappears.  The  poBterior  cardinal  veins  divide  in 
the  pelvis  into  the  hypogastric  (I,  A)  and  external  iliac  (//).  The  inferior  cava  at 
first  is  very  small  (I,  V  c),  divides  at  the  entrance  to  the  pelvis,  and  on  each  side 
goes  into  the  point  of  division  of  the  cardinal  veins.  There  is  also  a  transverse 
ascending  anastomosis  between  the  right  and  left  cardinal  veins.  For  the  final 
arrangement,  the  cava  inferior  (II,  C  i)  dilates,  and  with  it  the  hypogastric  and 
external  iliac  vein  on  each  side.  The  right  cardinal  vein  remains  very  small  ( Vena 
azygos,  A  z),  and  also  the  lower  part  from  the  left  one  to  the  transverse  anasto- 
mosis. The  latter  itself  also  remains  very  small  ( Vena  hemiazygas,  H  s).  On  the 
other  hand,  the  upper  part  above  the  anastomosis  to  the  duct  of  Cuvier  disappears. 
Lastly,  the  conmion  large  venous  trunk  is  so  absorbed  into  the  wall  of  the 
auricle  (V)  that  both  ven»  cave  have  each  a  separate  orifice  (p.  1148).  The 
embryonic  condition  of  the  veins  persists  ii^  fishes. 

YeinB  of  the  First  and  Second  drcnlation,  and  Formation  of  the  Portal 

Sjrstem. — ^The  two  omphalo-mesenteric  veins  (om,  omi)  open  into  the  posterior 
or  venous  end  of  the  tubular  heart  (Fig.  483, 1,  H).  The  right  vein,  however, 
disappears  very  soon.    As  soon  as  the  allantois  is  formed,  the  two  umbilical  veins 
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Fig.  483. 
Development  of  the  veins  and  portal  system — H,  heart ;  K,  L,  right  and  left  side 
of  the  body;  cmiy  right  omphalo-mesenteric  vein;  omi,  left,  u,  right  umbilical 
vein;  Ui,  left;  C  t,  vena  cava  inferior;  a,  venae  advehentes;  r,  vense  reve- 
hentes;  D,  intestine;  m,  mesenteric  vein ;  4,  2,  splenic  vein;  2,  I,  liver. 

join  the  trnncus  venosus  (1,  u  ui).  At  first,  the  omphalo-mesenteric  veins  are 
larger  than  the  umbilical  veins ;  at  a  later  period  this  is  reversed,  and  the  right 
umbilical  vein  disappears.  As  soon  as  veins  are  formed  within  the  body  proper  of 
the  embryo,  the  inferior  cava  also  opens  into  the  trnncus  venosus  (2,  C  i).  Gradu- 
ally, the  umbilical  vein  (2,  ui)  becomes  the  chief  trunk,  while  the  small  omphalo- 
mesenteric (2,  ofl»i)  carries  little  blood. 
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Portal  Syitem.— The  ambiUMl  and  omphalo-mesenteric  vwns  pui  in  pwt 
direcUj  audoT  ths  liver  to  leaah  the  heut.  They  send  branches — CArtying 
arteii&l  blood— to  the  liver.  Mid  tiie  latter  growa  ronnd  these  vesaels.  Theae 
brancbe*  are  the  vcnit  advehaiCa  (2  md  3,  a) .  The  blood  circulatinfc  throngh  the 
liver  from  the  venn  adrahentcs  ii  returned  by  other  veina,  the  vena  revehenUi 
(2  and  3,  r),  which  reunite  at  the  blunt  margin  of  the  liver  with  the  chief  trant  of 
the  Dmbilioal  vein.  The  ninl»lin«l  vein  (3,  ui)  and  tiie  ranphalo-moaenterio  veta 
I  the  liver.  When  the  iutealjne  develop*  (3,  II),  the 
n  (nt)  openi  into  the  oniphalo-meaenteric  vein,  and  the  aplento  vein 
u  well  (4,  I),  whan  the  spleen  ia  formed.  When  the  omphalo-meaenteTio  vein 
(4,  0  ni])  at  a  later  period  disappaan,  the  vem  from  the  intestine  now  becotnea  the 
common  trunk  of  the  previonaly  niiited  veateli.  It  nnitea  in  the  liver  with  the 
ambilical  vein  to  farm  the  trunk  of  the  vena  portte.  When,  after  birth,  the  um- 
bilical vein  diaappeara  [4,  uij,  the  meaenteric  alone  remains  aa  the  porlai  nna. 
At  the  duetiu  venomt  ia  obliterated,  the  portal  v^n  moat  aend  its  blood  thnw^ 
the  liver,  and  thai  the  portal  circulation  is  cranpleted. 


449.  Formation  of  the  Intestinal  Canal. 

The  primitiTe  intntinei  or  gat,  comiata  of  a  straight  tube  proceeding  from  the 
head  to  the  taiL  The  Titelline  duct  ia  inaerted  at  that  pointy  which  at  a  later 
period  correaponda  to  the  lower  part  of  the  ileum.  At  the  4th  week  the  tube 
makea  a  slight  bend  toward  the  umbilicoe  (I^g-  484,  I).  As  already  mentioned, 
the  TitflUine  duct  ia  obliterated,  remaining  only  for  a  time  aa  a  thread  attached 
to  the  inteatiDe,  being  atill  viiible  at  the  3rd  month.  Sometimee  it  remains  as  a 
abort  blind  tube  commnnicatiiig  with  the  iuteatine.  This  ia  the  so-called  "  tnu 
iiUf$tinal  dlvertieulum ;"  oocasonally  a  cord— the  obliterated  omphalo-i 
veaaeli— passes  from  it  to  the  umbilicus.  Id  very  rare  caaee  the  duct  may  n 
open  as  far  aa  the  umbilicus,  forming  a  congenital  fiatnla  of  the  ileum,  or  i1 


B 

Fig.  485, 
Formation  of  the  lungs :  A,  IKverti- 
cala  of  the  longs  aa  double  tacs — 
k,  meaoblastic  layer;  t,  hypo- 
blastic  layer;  m,  stomach;  a,  ccao- 
phagus.  B,  Furtiier  branching 
of  the  lungs — i,  trachea;  b,  e, 
bronchi;  /,  projeotiag  vesicles. 

give  riaa  to  cystia  fbnnations  (M.  Roth).  Id  a  human  ftetu*  at  the  4th  week, 
Uia  diatingni^ked  the  cavity  of  the  mouth,  pharynx,  (Eaophagns,  stomach,  duo- 
~  1  intestine,  and  the  bind-gnt,  irith  the  cloaca.    The  intestine 


Fig.  484. 

Development  of  the  intestine— u. 
Stomach;  o,  insertion  of  the 
vitelline  duct ;  I,  small  in 
e,  colon ;  r,  rectum. 
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then  forms  the  first  eoU  (Fig.  484,  11)  by  rotating  on  itself  at  the  intestinal 
nmbilicos,  so  that  the  lower  part  of  the  intestine  lying  next  the  knee-like  bend 
comes  to  lie  aboYe,  while  the  npper  part  lies  below.  From  the  lower  part  of  this 
loop  the  coils  of  the  9maU  intestine  (III,  t),  which  gradually  grows  longer.  From 
the  npper  limb  of  the  loop,  which  also  elongates,  the  large  intestine  is  formed ;. 
first  the  descending  colon,  then  by  elongation  the  transverse  colon,  and  lastly,  the 
ascending  colon. 

Olands. — By  diverticula,  or  protrusions  from  the  intestine,  the  ^'imous  glands 
are  formed.  The  cells  of  the  hypoblast  proliferate,  and  take  part  in  the  process 
as  they  form  the  secretory  ceUs  of  the  glands,  while  the  mesoblastic  part  of  the 
splancimoplenre  forms  the  membranes  of  the  glands,  giving  them  their  form.  The 
diverticula  are  as  follows : — 

1.  The  salivary  glandSy  which  grow  oat  from  the  oral  cavity  at  first  as  simple 
solid  bnds,  but  aiterwards  become  hollow  and  branched.  [The  salivary  glanda 
are  developed  from  the  epiblast  lining  the  mouth  (stomodoeum).] 

2.  The  lungs,  which  arise  as  two  separate  hollow  buds  (Fig.  485,  A,  1),  and 
ultimately  have  only  one  common  duct,  are  protrusions  from  the  cesophagus.  The 
upper  part  of  the  united  tracheal  tube  forms  the  larynx.  The  epiglottis  and  the 
thyroid  cartilage  originate  from  the  part  which  forms  the  tongue  (Gangho&er). 
The  two  hollow  spheres  grow  and  ramify  like  branched  tubular  glands  with  hollow 
processes  (B,  /).  In  the  first  period  of  development  there  is  no  essential  differ- 
ence between  the  epithelium  of  the  bronchi  and  that  of  the  primitive  air-vesicles 
(Stieda).  The  spleen  and  suprarenal  capsules,  however,  are  not  developed  in  this 
way.  The  former  arises  in  a  fold  of  the  mesogastrium  (His)  at  the  2nd  month; 
the  latter  are  originally  larger  than  the  kidneys. 

3.  The  pancreas  arises  in  the  same  way  as  the  salivary  glands,  but  is  not 
visible  at  the  4th  week  (His). 

4.  The  liver  begios  very  early,  and  appears  as  a  diverticulum,  with  two  hollow 
primitive  hepaXic  ducts,  which  branch  and  form  bile  ducts.  At  their  periphery  they 
penetrate  between  the  solid  masses  of  cells— the  liver  ceUs— which  are  derived 
from  the  hjrpoblast.  At  the  2nd  month  the  liver  is  a  large  organ,  and  secretes  at 
the  3rd  month  (§  182). 

5.  In  birds  two  small  blind  sacs  are  formed  firom  the  hind-gut. 

6.  The  foetal  respiratory  organ,  the  aUaniois,  is  treated  of  specially  (§  444). 
Peritoneum  and  Mesentery. — The  inner  surface  of  the  coelom,  or  body 

cavity,  the  surfitce  of  the  intes^e,  and  its  mesentery  are  covered  by  a  serous 
coat— the  peritoneum.  At  first  the  simple  intestine  is  contained  in  a  fold,  or 
duplicature  of  the  peritoneum ;  on  the  stomach,  which  is  merely  at  first  a  spindle- 
shaped  dilatation  of  the  tube  placed  vertically,  it  is  called  mesogastrium.  After- 
wards, the  stomach  turns  on  its  side,  so  that  the  left  surfeuse  is  directed  forwards 
and  the  right  backwards.  Thus,  the  insertion  of  the  mesogastrium,  which 
originally  was  directed  backwards  (to  the  vertebral  column),  is  directed  to  the 
left;  the  line  of  insertion  forming  the  region  of  the  great  curvature,  which  becomes 
still  more  curved.  From  the  great  curvature  the  mesogastrium  becomes  elongated 
like  a  pouch  (Fig.  486,  I  and  II,  s,  i),  constituting  the  omental  sac,  which  extends 
so  fax  downwards  as  to  pass  over  the  transverse  colon  and  the  loops  of  the  small 
intestine  (III,  N).  As  the  mesogastrium  originally  consists  of  two  plates,  of 
course  the  omentum  must  consist  of  four  plates.  At  the  4th  month  the  posterior 
surfiice  of  the  omental  sac  unites  with  the  surfiue  of  the  transverse  colon  (Joh« 
Mttller). 
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Fig.  486. 

Fomutioii  of  the  omeatmn :  I  and  II — kg,  Gaatro-hepAtic  ligunent;  m,  great,  a, 
leuer  onrvBtiire  of  the  Htomtchi  «,  posterior,  and  i,  anterior  fold  or  pUte  of 
the  omentuDi;  mc,  mEsooolan;  c,  colon.  Ill — L,  Liver;  t,  unall  intestine; 
b,  meBcnterj;  p,  pancreas;  d,  doodennm;  r,  rectum;  N,  great  omantoin. 


450.  Development  of  the  Urinary  and  Qeueratlve 
Organs. 

Urinary  ApparAtllB. — l^e  first  indicatioa  of  this  apparatu  ocean  in  the 
chick  at  the  ioA  day,  uid  in  the  rabbit  at  the  ttth,  u  the  duets  of  the 
primilire  kidney*  or  Wol^n  ducle  (Fig.  487,  I,  W},  which  are  formed  froa  some 
cells  mapped  off  from  the  lateral  plat«,  above  and  to  the  aide  of  the  protovertebrs, 
and  extending  from  the  fifth  to  the  last  vertebra.  The  dacta  are  solid  at  first, 
bat  soon  became  hollow,  and  from  th^r  cavities  there  eitend  UtetaUy  a  Bsries  of 
■mall  tnbes,  which  in  the  chick  commanicate  freely  with  the  perit<uiaal  cavity 
(KBlliker).  Into  one  end  of  each  of  these  tubes  ^rows  a  tuft  of  blood-vesseU  forming 
a  sbuctnre  resembling  the  glranemlua  of  the  kidney.  The  tubes  elongate,  fbcm 
convolatdona,  and  increase  in  number.  The  upper  end  of  the  Wolffian  dnct  is 
closed  at  first,  its  lower  end,  which  lias  in  a  projecting  fold— the  plica  urogenitBlia 
of  Wkldeyer— in  the  peritoneal  carity,  opens  into  Uie  uro-geaital  gtaos.  Close 
above  the  orifice  of  the  Wolffian  duct,  appe&rt  the  ureter  aa  the  duct  of  the 
kidn^.  The  dnct  elongates,  and  branches  at  its  upper  end.  Each  canal  at  its 
end  is  like  a  stalked  caoutchouc  sac  (Toldt),  and  into  it  there  grows  the  ^ready 
formed  glomemlus.  The  duct  of  the  kidney  opens  independently  into  the  nra> 
genital  sinus,  and  forma  the  writr.  The  part  where  the  branching  of  the  duct 
•tops  forms  the  pelvis  of  tiie  hidaej,  and  the  branches  themselves  the  renal 
tnbnles.  Toldt  found  Malpigbian  corpuscles  in  the  human  kidney  at  the  2ud 
month,  and  Henle's  loops  at  the  4th.  The  first  appearance  of  the  urinary 
liladder  it  at  the  4th  week  (His),  and  is  more  diatinct  at  the  2nd  month,  aa 
the  dilated  first  part  of  the  allantoia  (Fig.  487,  4,  a).  The  upper  part  of  the 
allantoia  remMos  ai  the  obliterated  vrachvi,  in  the  middle  vesical  ligament. 


DEVELOPMENT  OP  THE  REPKODnCnVE  ORGANS. 
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Internal  BeprodOCtiTfl  OrgaiU. — Id  front  of  and  intemal  to  tha  Wolffiao 
bodieB,  there  ariwe  in  the  meBoblast,  the  elongated  reprodncdve  ghud  or  dims 
of  gfrm-epUhelium  (Fig.  487,  I,  D),  which  in  both  eexes  ia  origiiiAllj  alike. 
Id  addition,  there  ia  formed  a  cannl  or  dact  parallel  to  the  Wolffian  dnot  (W), 
which  also  opens  into  the  nro-genital  ainns ;  this  ia  JdUUer'a  duct  (iS).  The 
elevation  'of  the  futara  reprodnctive  gland  is  covered  originally  hy  genn-epl- 
thelinm  (Waldeyer).  The  upper  end  of  the  Miilleriau  dact  opena  free  into  the 
abdominal  cavity,  while  the  lower  enda  of  both  ducta  unite  for  a  diatance.  Soma 
of  the  germinal  cells  covering  the  rarface  of  the  fators  ovary  enlarge  to  foim  ova, 
and  sink  into  the  stroma  to  form  ova  embedded  in  their  Unuifiau  folliclea  (p.  1108). 
In  the  female,  the  MUUerian  dncts  form  the  FalloinaD  tnbe  (II,  T],  and  the 
lower  united  enda  the  ntenu. 

In  the  male  the  tterm-epithelinm  is  not  ao  tall.  According  to  Waldeyer, 
there  are  two  kinds  of  tubes  in  tha  Wolffian  bodiei,  and  some  of  these  penetrate 
the  position  of  the  teprodactive  gland.  These  tubaa,  which  are  connected  irith 
the  Wolffian  dncta,  become  the  aeminiferous  tubnies  (v.  Wittich),  and  the 
Wolffian  duct  itself  becomes  the  voa  deferens,  with  the  vesicnlie  swninales. 
According  to  some  other  observera,  however,  tobea,  which  become  the  seminlfeious 
tubules,  are  developed  within  the  reproductive  gland  itMlf,  and  these  tubes, 
lined  with  their  germ-epithelinm,  ultimately  form  a  coimeotiou  with  the  WoUBan 

The  UiilleTian  dacts,  which  are  really  the  dncta  of  the  reproductive  glands, 
disappear  in  man,  alt  eic«pt  the  lowest  part,  which  becomes  the  mala  ntems  or 
vesicnla  prostatica  (EQ,  u] — the  homologua  of  the  nlerus.  The  uppra  tnboles  of 
the  Wolffian  body  nnite  at  the  3rd  month  with  the  reproductive  gUnd  (which  has 


Fig.  487. 
Development  of  the  internal  generative  oi^aos :  L ,  UndiffereotiBted  condition— D, 
reproductive  gland,  lying  on  the  tabales  of  tha  Wolffian  body ;  W,  Wolffian 
duct ;  M,  Miillerian  duct ;  S,  uro-ganital  sinns.     TI.,  Tranaformations  in  the 
female— F,  fimbria,  with  the  hydatid,  k' ;   T,  Fallopian  tube ;   U,  uterus ; 
S,   uro-genital   sinus;    O,    ovary;    P,   parovarium.      IIL,   Traniformalion* 
in  the  male— H,  testis;  E,  epididymis,  with  the  hydatid,  h;  a,  vas  aberrans; 
V,   va.1   deferens;   S,   uro-genital  sinus;   u,   male  uterus;  4,   d,   hind-gut; 
a,   ollantoia ;    u,    urachns;    K,    cloaca;    5,   M,   rectum;    m,   perineum;    h, 
positiou  of  tha  bladder ;  S,  nro-genital  sinus. 
now  become  the  body  of  the  testis),  and  become  the  coni  vasculoai  of  the  epididy- 
mis, which  are  lined  by  ciliated  epithelium  (E);  tha  remainder  of  the  Wolffian 
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haiiy  Aappeaxii  Some  deteclied  tnbnles  form  the  Taaa  abemntia  (a)  of  the 
tfleticle  (Kobelt).  The  hydatid  of  Morgagni  {h),  at  the  head  of  the  epididymis, 
aoeerding  to  Lnichka  and  others,  is  a  part  of  the  epididymis— Fleischl  regards  it 
as  the  radiment  of  the  male  ovary.  The  organ  of  Girald^  is  part  of  the  Wolffian 
bedy.  The  Wolffian  duct  itself  becomes  the  yss  deferens  (V)  from  which  the 
vesienla  seminales  are  developed.  The  two  Wolffian  and  two  Mflllerian  ducts,  aa 
they  enter  the  pelvis,  are  grouped  together  to  form  a  oonmion  cord — the  ffenitcU  cord. 

bk  the  female  the  tabes  of  the  Wolffian  bodies  disappear,  all  except  a  few 
tubules,  lined  with  ciliated  epithelium,  constituting  the  parovarium,  or  organ  of 
BosemnttUer  (Fig.  468),  and  a  part  analogous  to  the  organ  of  Girald^  in  the  broad 
ligament  of 'the  uterus  (Waldeyer—- Fig.  487,  P)^  The  same  is  the  case  with  the- 
Wolffian  ducts.  In  some  animals  (ruminants,  pig,  cat,  and  fos)  they  remain, 
permanently  as  the  ducts  of  Chertner. 

The  Mullerian  duct  is  frayed  out  at  its  upper  end  to  form  the  fimbris  of  the* 
Fallopian  tube,  and  it  is  often  provided  with  a  hydatid  (A^).  That  part  of  the 
uro-genital  sinus  into  which  the  four  ducts  open  grows  above  into  a  hollow  sphere^ 
which  forms  the  vagina  (Rathke).  According  to  Thiersch  and  Leuckart,  however, 
the  two  MiiUerian  ducts  unite  at  their  lower  ends  to  form  the  united  uterus  (U> 
and  vagina,  while  their  free  upper  ends  form  the  Fallopian  tubes  (T).  Th& 
Mullerian  ducts  at  first  open  into  the  posterior  part  of  the  urinary  bladder  below 
the  ureters  (uro-genital  sinus,  S),  while  ultimately  this  part  of  the  bladder  becomea 
so  elongated  posteriorly  that  the  vagina  (the  united  MtLllerian  ducts)  and  the 
urethra  are  united  below  and  deeply  within  the  vestibule  of  the  vagina.  At  th& 
3rd  to  the  4th  month,  the  uterus  and  vagina  are  not  separate  from  each  other,  but 
at  the  5th-6th  month,  the  uterus  is  defined  from  the  vagina. 

The  testicles  lie  originally  in  the  lumbar  region  of  the  abdominal  cavity  (Fig. 
488,  VOf  and  are  carried  by  a  fold  of  the  peritoneum — ^the  mesorchium  (m). 
From  the  hilimi  of  the  testicle  a  cord,  the  gubemaculum  tesUs,  runs  through  the 
inguinal  canal  into  the  base  of  the  scrotum.  At  the  same  time  a  septum-like 
process  is  developed  independently  from  the  peritoneum  to  the  base  of  the  scrotum 
ipv).  The  testicle  passes  through  the  inguinal  canal  into  the  scrotum,  but  the 
mechanism  and  cause  of  the  descent  are  not  accurately  ascertained— [i>e«oen/> 
p.  1141]. 

The  ovaries  also  descend  somewhat.  The  round  ligament  of  the  uterus 
corresponds  to  the  gubemaculum  testis.  A  process  of  the  peritoneum  passes  in 
the  female  into  the  inguinal  canal,  as  Nuck's  canal.  It  is  rare  to  find  the  ovaries- 
descending  into  the  labia  majora. 

[The  origin  of  the  urinary  and  generative  organs  is  undoubtedly  associated  with 
the  development  of  the  Wolffian  bodies.  The  researches  of  Semper  and  Balfour 
on  elasmobranch  fishes  show  that  the  process  is  a  very  complex  one.  There  is 
a  mass  of  cells  on  each  side  of  the  vertebral  column,  which  is  divided  into  three 
|)arts,  the  first  called  the  pronephros,  or  head-kidney  of  Balfour  and  Sedgwick, 
the  middle  one,  the  jncsonephros,  or  Wolffian  body,  and  the  posterior  one,  or 
metanephros,  which  is  formed  after  the  other  two,  gives  origin  to  the  permanent 
kidney  in  the  amniota.  The  MUllerian  duct  is  connected  with  the  pronephros,  the 
Wolffiain  duct  with  the  mesonephros,  and  the  ureter  to  the  metanephros.] 

[The  following  table,  modified  from  Qualn,  shows  the  destiny  of  thea& 
structures: — 

Mt^LLEBiAN  Ducts. 

(Ducts  of  the  Pronephros.) 

Female.  ^o^- 

Fallopian  tubes.  Hydatid  of  MorgagoL 

Hydatid.  Male  uterus. 
Uterus  and  vagina. 
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WoLTruH  BoDim  (MiaomraaDe), 
FaroTtuiuro.  Vm«  eSerentU,  Com  vMcnlon. 

Paroophoron.  Organ  of  Giraldis,  Van  aberniiiti«> 

Bonnd  ligunent  of  the  oterns.  Gubemftcnlnm  teatiB. 

WoiJFUN  Itucra. 


MlTAXBPHKOa. 


The  external  gfeaitals  •>«  ^^  ^n^  not  distingiuBliable  in  the  two  atXBB 
(Fig.  488,  t).  At  the  4th  veek  there  ia  merely  a  bole  at  the  poiterior  ex- 
tremity of  the  tronk,  represeotiilg  both  the  kdob  and  the  opening  of  the  nnehni^ 
and  forming  a  cloaca  (Fig.  4S7,  4,  E).  In  front  of  thia,  on  elevation— the  gtnital 
eminence— tippetin  about  the  6th  week,  and  on  each  side  of  the  odfice  a  ^azga 
cntaneooa  elevation  (II,  w).  At  the  end  of  the  Zud  month  there  a  a  groora  on 
the  nuder  inrface  of  the  genital  eminence,  leading  back  to  the  cloaca,  and  with 
distinct  walls  boanding  it  (II,  r).  At  the  middle  of  the  3rd  month,  Um  cloaeal 
opening  ia  divided  by  the  growth  of  the  perineum,  between  the  Qiachns  (now 
become  the  urinary  bladder— Fig.  487,  6,  ft)  and  the  rectnm  (M). 

In  the  male  the  genital  eminence  enlarges,  its  groove  deepens  from  tiie  opening 
of  the  bladder  onwards  to  the  apex  of  the  elevation,  at  the  10th  week.  The  two 
edges  nnite  to  enclose  the  groove  which  becomes  the  urethra.  When  this  does 
not  take  place,  hypospadia)!  occurs.  At  the  4th  month,  the  gUns,  and  at  the 
6th,  the  prepnce,  are  formed.  The  large  cotaneous  folda  meet  in  the  middle  line 
or  raphe  to  form  the  scrotum. 


Fig.  488. 
Develc^tment  of  the  external  genitals—/,  and  //.,  Qenitsl  emineiice;  r,  genital 
groove  ;  s,  coccyx  ;  tc,  cutaneons  elevations.  IV. ,  P,  Penis  ;  R,  nphe  penis ; 
8,  scrotum.  ///.,  c,  Clitoris;  t,  labia  minora;  L,  labia  majora;  a,  anna. 
V.  and  VI.,  Descent  of  the  testicle ;  t,  testis ;  m,  meeorchium ;  p  v,  procetsns 
vaginalis  of  the  peritonenm ;  JH,  abdominal  wall ;  S,  scrotum. 

In  the  female  the  nndiJftorentiated  condition  remains  to  a  certain  extent  perma- 
nent. The  amall  genital  eminence  remains  as  the  clilorii,  the  margins  of  ita  furrow 
beotnne  the  nympluK,  the  cutaneous  elevationa  remain  separate  to  form  thie  foiia 
majora.    The  uro-genttal  sLans  remains  short  ae  the  vectibnle  of  the  ngina,  while 
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in  man,  by  the  cloaing  of  the  genital  groove,  it  has  a  long  additional  tube,  the 

nrethra.  , 

[The  following  illnstrationB,  after  Schrceder,  show  the  changes  of  the  ex- 
ternal organs  of  generation  in  the  female.  In  the  early  period  (6th  week) 
the  hind-gut  (Fig.  489,  R),  aUantois  (ALL),  and  the  Mttllerian  ducts  (M)  com- 
municate,  but  not  with  the  exterior.    About  the  10th  week  a  depression  or 


^ 


^ 


Fig.  490. 
The  depression  has  extended 
onwards,  and  become  con- 
tinuous with  the  rectum  and 
aUantois,  to  form  the  cloaca 
(CL). 


A 

Fig.  489. 

R,  rectum  continu- 
ous with  the  aU 
lantois  (ALL — 
bladder);  M,  duct 
of  Miiller  (vagina) ; 
A,  depression  of 
skin  below  genital 
eminence,  which 
grows  inwards  to 
form  the  vulva 
(after  Schroeder). 

inflection  of  the  skin  takes  place,  genUal  drft,  untQ  it  meets  the  hind-gut  and 
aUantois,  whereby  the  cloaca  (Fig.  490,  CL)  is  formed.  The  cloaca  is  then  divided 
into  an  anterior  part,  the  uro-genital  ainus,  into  which  the  Mullerian  ducts  open, 
and  a  posterior  part,  the  anus.  There  is  a  downward  growth  of  the  tissue  between 
the  hindgut  and  the  aUantois  to  form  the  perineum  (Fig.  491).    The  uro-genital 


Fig.  491. 
The  cloaca  is  becoming 
divided  into  uro- 
genital sinus  (SU) 
and  anus  by  the 
downward  growth 
of  the  perineal  sep- 
tum. The  ducts  of 
MiiUer  are  united  to 
form  the  vagina  (V). 


^ 


Fig.  492. 
Perineum   completely 
formed. 


^/i) 


Fig.  493. 
The  upper  part  of  the  uro- 
genital sinus  has  con- 
tracted into  the  urethra ; 
the  lower  part  persists 
as  the  vestibule  (S  V). 


sinus  then  contracts  at  its  upper  part  to  form  the  short  urethra,  its  lower  part 
remaining  as  the  vestibule  (Fig.  492,  S  V),  while  the  vagina  has  been  formed  by 
the  union  of  the  lower  parts  of  the  two  MiiUerian  ducts.  The  bladder  (B)  is  the 
expanded  lower  end  of  the  stalk  of  the  aUantois.] 

The  canses  of  the  difference  of  sex  are  by  no  means  weU  known.  From  a 
statistical  analysis  of  80,000  cases,  the  influence  of  the  age  of  the  parents  has  been 
shown  by  Hofacker  and  Sadler.  If  the  husband  is  younger  than  the  wife,  there 
are  as  many  boys  as  girls  ;  if  both  are  of  the  same  age,  there  are  1,029  boys  to 
1,000  girls  ;  if  the  husband  is  older,  1,057  boys  to  1,000  girls.  In  insects,  food  has 
a  most  important  influence.     FflUger*8  investigations  on  frogs  show  that  all 
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external  conditions  during  deyelopment  are  withoat  effect  on  the  determination  of 
the  sex,  so  that  the  latter  would  seem  to  be  determined  before  impregnation. 

451.  Formation  of  the  Central  Nervous  System. 

Fore-brain, — At  each  side  of  the  fore-bndn,  or  anterior  cerebri^  vesicle,  which  is 
covered  externally  by  epiblast  and  internally  by  the  ependyma,  there  grows  out  a 
large  stalked  hollow  vesicle,  the  rudiment  of  the  cerebral  hemispheres.  The 
relatively  wide  opening  in  the  stalk,  or  communication,  ultimately  becomes  very 
small,  and  is  the  foramen  of  Monro.  The  middle  part  between  the  two  cerebrtd 
vesicles  remains  small,  and  is  the  'tW66IL  or  inter -brain  with  the  3rd  ventricle  in 
its  interior.  It  elongates  at  the  2nd  month  towards  the  base  of  the  brain  as  a 
fimnel-shaped  projection,  to  form  the  tuber  cinereum  with  the  infundibulum.  The 
thalami  optici,  projecting  and  enlarging  from  the  sides  of  the  3rd  ventricle, 
narrow  the  foramen  of  Monro  to  a  semilunar  slit.  At  the  base  of  the  brain  are 
formed,  in  the  2nd  month,  the  corpora  albicantia,  at  the  3rd  the  chiasma ;  while, 
within  the  3rd  ventricle,  the  commissures  are  formed.  The  hypophysis,  belonging 
to  the  mid-brain,  is  a  diverticulum  of  the  nasal  mucous  membrane,  extending 
through  the  base  of  the  skull  towards  the  hollow  infundibulum,  which  grows  to 
meet  it.  The  choroid  plexus,  which  grows  into  the  ventricles  of  the  hemispheres 
through  the  foramen  of  Monro,  is  a  vascular  development  of  the  ependyma.  At 
the  4th  month,  the  conarium  (pineal  gland)  is  formed,  and'at  this  time  the  corpora 
quadrigemina  cover  the  hemispheres.  The  corpora  striata  begin  to  be  developed 
in  the  cerebral  (lateral)  ventricles  at  the  2nd  month,  while  the  comu  ammonis  is 
formed  at  the  4th  month.  At  the  3rd  month  the  Sylvian  fissure  is  formed,  and 
the  basis  of  the  Island  of  Reil.  The  permanent  cerebral  convolutions  are  formed 
from  the  7th  month  onwards. 

The  mid-brain  or  middle  cerebral  vesicle  is  gradually  covered  over  by  the 
backward  growth  of  the  hemispheres ;  its  cavity  forms  the  aqueduct  of  Sylvius, 
Depressions  appear  on  the  surface  of  the  vesicle  to  divide  it  into  four,  the  corpora 
quadrigemina,  the  longitudinal  depression  being  formed  at  the  3rd,  and  the  trans- 
verse one  at  the  7th  month.  The  cerebral  peduncle  is  formed  by  a  thickening  in 
the  base  of  this  vesicle. 

In  the  hind-brain  ^ro  formed  the  cerebellar  hemispheres,  which  grow  back* 
wards  to  meet  in  the  middle  line.  The  vermes  is  formed  at  the  7th  month.  The 
cerebeUum  cover^  in  the  part  of  the  medullary  tube  lying  below  it,  and  which  is 
not  closed,  as  far  as  the  calamus.  The  pons  arises  in  the  6oor  ol  the  hind-brain 
at  the  3rd  month. 

The  spindle-shaped,  narrow  after-brain  forms  the  medulla  oblongata,  with  the 
opening  of  the  medullary  tube  in  its  upper  part. 

[The  following  table,  from  Quain,  shows  the  destiny  of  each  cerebral  vesicle: — 

!  Cerebral  hemispheres,  cor- 
pora striata,  corpus  cal- 
losum,     fornix,     lateral 
1.  Anterior  Kimaryy  ventricles, olfactory bulK 

yesiclei      •    •    *  |  ( Thalami     optici,     pineal 

2.  Thalamencephalon, .     .  \  gland,    pituitary   body, 
(inter  or  'tween  brain)     i   third     ventricle,     optic 

^    nerve  (primarily). 

!/  Corpora      quadrigemina, 
3.  Mesencephalon,  .     .    .  i   crura   cerebri,  aqueduct 
(mid-brain)  i   of  Sylvius,  optic  nerve 

'    (secondarily). 


SITKjOPUIfT  or  TEE  ETS. 


m.  Poiterior  Primary  J 
Vuicle,     .   •   .] 


I  4.  ^KncepAal"*!     ■ 

{hind-brun) 


6.  Meiaieephalon,   . 
(after-bnin) 


i    part  of  the  fourth  tcs- 


i  Medulla  oblongata,  ftmrth 
ventricle,       auditory 


..] 


flpinal  Cord- — ^B  eiunal  cord  is  developed  from  the  medollary  tube  behiad 
Uie  iii(hIb11»  oblongata,  fint  the  giey  matter  aroond  the  canal,  while  the  white 
matter  ia  added  afterwaida  oatiide  this.  The  gaoglionic  oella  increase  by  diruion 
in  amphibian*  (Lominiky).  At  fint  the  ipinal  cord  raocbe*  to  the  coccyx.  Tha 
firtt  miudea  are  fbrmed  in  the  back  at  the  2nd  month  ;  at  the  4th  month  the?  ar* 
red.  The  tpinai  ganglia  are  formed  from  a  special  strip  of  oellf,  and  they  ue  seem 
at  the  4tb  week,  and  so  are  the  anterior  spinal  roots,  and  some  of  the  tmnks  of 
the  spinal  nerrw,  while  the  posterior  roots  are  still  absent.  The  peripheial 
nerve*  grow  out  from  the  ganglia  of  the  spinal  cord  (tint  the  motor  and  afterward* 
tiie  sensory  nerves),  and  penetrate  into  the  other  parts  of  the  body  (Bia),  At  fint 
they  are  devoid  of  myelin. 

452.  Development  of  the  Sense  Organs. 

Xye. — The  primary  Optio  Tesiole  grows  out  from  the  fbre-br*in  toward*  the 
oster  covering  of  the  head  or  epiblost,  and  soon  becomes  folded  in  on  itself  (4th 
week),  BO  that  the  stalked  optic  vesicle  is  shaped  like  an  ei[g-cap  (Fig.  4M,  I). 
The  cavity  in  the  interior  of  this  cup  is  called  the  teajadan/  optic  veticU.  The 
isflected  part  becomes  the  retina  (IV.,  r),  while  the  posterior  part  become*  the 
ckor<ndal  epithelium  (IV.,  p).  The  stalk  becomes  the  optic  nerve.  At  the  nnder 
BaiJMeof  thedeprsBsiou  Uiereisaslit—QieeAorotiial^fMurc— which  penniti  Minie 


Fig.  494. 
Itovtfopnient  of  the  eye :  L,  Inflexion  of  the  sac  of  the  leni  (L)  into  the  primary 
optic  vesicle  <P)— e,  epidermis;  m,  me«oblast.  II,,  The  inflexiim  seen  from 
below — n,  optio  nerve;  e,  the  onter,  i,  the  inner,  layer  of  the  inflected 
vesicle ;  L,  lens.  m. ,  Longitudinal  section  of  IL  IV. ,  Further  development 
— s,  oomeal  epithelinm ;  e,  cornea ;  m,  membrana  capsnlo-pupillaris ;  L,  len* ; 
a,  central  artery  of  the  retina  ;  i,  solerotic  ;  eh,  choroid ;  p,  pigment  layer  of 
the  TVtina ;  r,  retina.     V, ,  Persistent  remuna  of  the  pnpillary  membrane. 

of  th«  meeobloet  to  gain  access  to  the  interior  of  the  eye.  This  slit  formt  the 
ixlobama  (II.);  it  is  prolonged  backward  on  the  stalk,  and  contains  the  oentral 
arteiy  of  the  retina.     The  margins  of  the  eolaboma  afterwards  nnit«  comidetely 
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^th  each  piher,  bat  in  some  rare  conditions  this  does  not  take  place,  in  which  case 
we  have  to  deal  with  a  coloboma  of  the  choroid  or  retina,  as  the  case  may  be.  In 
the  bird,  the  embryonic  coloboma  slit  does  not  close  np,  but  a  vascular  process  of 
the  mesoblast  dips  into  it,  and  passes  into  the  eye  to  form  the  pecten  (p.  1041 — 
LieberkUhn).  The  same  is  the  case  in  fishes  where  there  is  a  large  vascular  pro- 
cess of  the  meso-  and  epiblast  forming  the  processus  fcdciformia  (p.  1041). 

The  depression  or  inflexion  of  the  optic  vesicle  is  due  to  the  dowugrowth  into  it 
of  a  thickening  of  the  epiblast  (I.,  L).  It  is  hollow,  and  as  it  grows  inwards 
ultimately  becomes  spherical  and  separated  from  the  epiblast  to  form  the 
•crystalline  lens,  so  that  the  lens  is  epiblastic  in  its  origin,  while  the  capsule  of 
the  lens  is  a  cuticular  structure  formed  from  epiblast.  That  part  of  the  epiblast 
which  covers  the  vesicle  in  front  of  the  lens  ultimately  becomes  the  stratified 
•epithelium  of  the  cornea.  The  cornea  is  formed  at  the  6th  week.  The  substance 
of  the  choroid,  sclerotic,  and  cornea  is  formed  around  the  position  of  the  eye  from 
the  mesoblast  (m).  The  capsule  of  the  lens  is  at  first  completely  surrounded  by  a 
vascular  membrane — the  membrana  eapsulo-pupUlaris.  Afterwards,  the  lens 
passes  more  posteriorly  into  the  eye — the  anterior  part  of  the  capsulo-papillary 
membrane,  however,  remains  in  the  anterior  part  of  the  eye,  while  towards  it 
^rows  the  margin  of  the  iris  (7th  week),  so  that  the  pupil  is  closed  by  this  part  of 
the  vascular  capsule  (membrana  pupiUaris),  The  blood-vessels  of  the  iris  are 
•continuous  with  those  of  the  pupillary  membrane ;  those  of  the  posterior  capsule 
of  the  lens  give  off  the  hyaloid  artery,  a  continuation  of  the  central  artery  of  the 
retina  ;  its  veins  pass  into  those  of  the  iris  and  choroid.  The  vitreous  humour  at 
the  4th  week  is  represented  by  a  cellular  mass  between  the  lens  and  the  retina 
<Kolliker).  The  pupillary  membrane  disappears  at  the  7th  month.  It  may  remain 
throughout  life  (V). 

Organ  of  SmelL — On  the  under  surface  and  lateral  limit  of  the  fore-brain,  the 
•epiblast  forms  a  groove  or  pit  with  thickened  epithelium,  which  forms  a  depression 
towards  the  brain,  but  always  remains  as  a  pit  or  depression ;  this  is  the  olfacU»ry 
-or  na^al  pU,  to  which  the  olfactory  nerve  afterwards  sends  its  branches. 

Organ  of  Hearing.-  On  both  sides  of  the  after-brain  there  is  a  depression  or 
pit  formed  in  the  epiblast,  which  gradually  extends  deeper  towards  the  brain — 
this  is  the  laJbyrinth  pit.  The  pit  is  ultimately  completely  cut  off  from  the  epiblast. 
Just  like  the  lens,  and  is  now  called  the  vesicle  oftfte  labyrinth.  It  represents  the 
utricle,  from  which,  at  the  2nd  month,  the  semicircular  canals  and  the  cochlea  are 
developed.  The  union  with  the  brain  occurs  later  along  with  the  development  of 
the  auditory  nerve.  The  first  visceral  cleft  remains  as  an  irregular  passage  from  the 
Eustachian  tube  to  the  external  auditory  meatus.  The  outer  ear  appears  at 
the  7th  week. 

453.    Birth. 

With  the  growth  of  the  ovum,  the  uterus  becomes  more  distended, 
its  walls  more  muscular  and  more  vascular.  Towards  the  end  of  gesta- 
tion the  neck  disappears  as  such,  and  after  a  period  of  280  days  of 
gestation  "  labour  "  begins,  whereby  the  contents  of  the  uterus  are  dis- 
charged. The  labour  pains  occur  rhythmically  and  periodically,  being 
separated  from  each  other  by  intervals  free  from  pain.  Each  pain 
begins  gradually,  reaches  a  maximum,  and  then  slowly  dedinea  With 
«ach  pain  the  heat  of  the  uterus  increases  (§  302),  while  the  heart-beat 
of  the  foetus  becomes  slower  and  feebler,  which  is  due  to  stimulaiioa  ni 
the  vagus  in  the  medulla  oblongata  (§  369,  3). 
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[Power  in  Ordinary  Labonrs. — Sometimes  the  ovum  is  expelled 
whole,  the  membranes  containing  the  liquor  amnii  remaining  un- 
ruptured. Poppel  has  pointed  out  that  the  force  which  ruptures  the 
bag  of  membranes  is  sufficient  to  complete  deliveiy,  so  that,  as 
Matthews  Duncan  remarks,  the  strength  of  the  membranes  gives  us  a 
means  of  ascertaining  the  power  of  labour  in  the  easiest  class  of 
natural  labours.  Matthews  Duncan,  from  experiments  on  the  pres- 
sure required  to  rupture  the  membranes,  concludes  that  the  great 
majority  of  labours  are  completed  by  a  propelling  force  not  exceeding 
40  lbs.] 

Pokdllon  estimates  the  pressure  exerted  by  the  ntems  upon  the  fcetos  at  each 
pain  to  be  154  kilos.  [338*8  lbs.],  so  that,  according  to  this  calculation,  the  uterus 
at  each  pain  performs  8,820  kilogrammetres  of  work  (§  301).  [This  estimate  is 
certainly  far  too  high.] 

After-birth. — After  the  foetus  is  expelled,  the  placenta  remains  behind;  but  it 
is  soon  expelled  by  the  contractions  of  the  uterus.  During  the  contraction  of  the 
uterus  to  expel  the  placenta,  a  not  inconsiderable  amount  of  the  placental  blood  ia 
forced  into  the  child  (§  40).  After  a  time  the  placenta,  the  membranes,  and  the 
decidua — constituting  the  qfter-birth — ^are  expelled. 

Influence  of  Nerves  on  the  Uterus. — i.  stimulation  of  the  hypogastric 

plexus  causes  contraction  of  the  uterus.  The  fibres  arise  from  the  spinal  cord, 
from  the  last  dorsal,  and  upper  3  or  4  lumbar  nerves  run  into  the  sympathetic, 
and  then  reach  the  hypogastric  plexus  (Frankenh&user).  2.  Stimulation  of  the  nervi 
erigentes,  which  are  derived  from  the  sacral  plexus,  causes  movement  (v.  Basch 
and  Hofmann).  3.  Stimulation  of  the  lumbar  and  sacral  parts  of  the  cord  causes 
powerful  movements  (Spiegelberg,  Schiff ).  There  is  a  centre  for  the  act  ofparturi' 
turn  in  the  lumbar  region  of  the  cord  (§  362,  6).  The  uterus,  like  the  intestine, 
probably  contains  independent  or  parenchymatous  nerve-centres  (Komer),  which  can 
be  excited  by  suspension  of  the  respiration,  and  by  anaemia  (by  compressing  the  aorta 
— Spiegelbei^ — or  rapid  hiemorrhage).  Decrease  of  the  bodily  temperature  dimin- 
ishes the  movement,  while  an  increase  of  the  temperature  increases  it,  which, 
however,  ceases  during  high  fever  (Fromme).  The  experiments  made  by  Rein 
upon  bitches  show  that,  if  all  the  nerves  going  to  the  uterus  be  divided,  practically 
all  the  functions  connected  with  conception,  pregnancy,  and  parturition  can  take 
place,  even  although  the  uterus  is  separated  from  aU  its  cerebro-spinal  connectiona 
Hence,  we  must  look  to  the  presence  of  some  automatic  ganglia  in  the  uterus  itsell 
According  to  Dembo,  there  is  a  centre  in  the  anterior  waU  of  the  vagina  of  the 
rabbit.  According  to  Jastreboff,  the  vagina  of  the  rabbit  contracts  rhythmically. 
Sclerotic  acid  greatiy  excites  the  uterine  contractions  (v.  Swiecicki).  5.  The  uterus 
eontracts  r^flexly  ou  stimulating  the  central  end  of  the  sciatic  nerve  (v.  Basch  and 
Hofmann),  the  central  end  of  the  brachial  plexus  (Schlesinger),  and  the  nipple 
(Scanzoni).  6.  The  uterus  is  supplied  by  vaso-motor  nerves  (hypogastric  plexus), 
which  come  from  the  splanchnic;  and  also  by  vaso-dilator  Jibres,  the  latter  through 
the  nervi  erigentes.  The  vaso-motor  nerves  are  affected  reflexly  by  stimulation 
of  the  sciatic  nerve  (v.  Basch  and  Hofmann). 

Lochia. — ^After  birth,  the  whole  mucous  membrane  (decidua)  is  shed; 
its  inner  surface,  therefore,  represents  a  large  wounded  surface,  on 
which  a  new  mucous  membrane  is  developed.  The  discharge  given  off 
after  birth  constitutes  the  lochia. 
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Involutioii  of  the  XJtems. — After  birth,  the  thick,  muscular  mass 
decreases  in  size,  some  of  its  fibres  imdergoing  fatty  degeneration. 
Within  the  lumen  of  the  blood-vessels  of  the  uterus  itself,  there  begins 
in  the  interna  of  these  vessels  a  proliferation  of  the  connective-tissue 
elements,  whereby,  within  a  few  months,  the  blood-vessels  so  affected 
become  completely  occluded.  The  smooth  muscular  fibres  of  the 
middle  coat  of  the  arteries  undergo  fatty  degeneration.  The  relatively 
large  vascular  spaces  in  the  region  of  the  placenta  are  filled  by  blood- 
clots,  which  are  ultimately  traversed  by  outgrowths  of  the  connective- 
tissue  of  the  vascular  walls. 

Milk-Fever. — After  birth,  there  is  a  peculiar  action  on  the  vaso- 
motor system  constituting  milk-fever,  while  at  the  2nd-3rd  day,  there 
is  a  more  copious  supply  of  blood  to  the  mammary  gland  for  the  secre- 
tion of  milk  (§  231).  The  cause  of  the  first  respiration  in  the  child  is 
referred  to  at  p.  883. 


454.  Comparative— Historical. 

A  sketch  of  the  development  of  man  mast  necessary  have  some  reference  to  the 
general  scheme  of  development  in  the  Animal  Kingdom.  The  question  as  to  how 
the  numerous  forms  of  animal  life  at  present  existing  on  the  Globe  have  arisen  has 
been  answered  in  several  ways.  It  has  been  asserted  that  each  species  has  retained 
its  characters  unchanged  from  the  beginning,  so  that  we  speak  of  the  "  constancy 
of  species."  This  view,  developed  by  Linnaeus,  Cuvier,  Agassiz,  and  others,  is 
opposed  by  that  supported  by  Lamarck  (1809),  or  the  doctrine  of  the  **  Unity  of 
the  Animal  Kingdom,"  corresponding  to  the  ancient  view  of  Empedocles,  that  all 
species  of  animals  were  derived  by  variations  from  a  few  fundamental  forms;  that 
at  first  there  were  only  a  few  lower  forms  from  which  the  numerous  species  were 
developed— a  view  supported  by  Geoffrey  St.  Hilaire,  and  Goethe.  After  a  long 
period  this  view  was  restated  and  elucidated  in  the  most  brilliant  and  most  fruitful 
manner  by  Charles  Darwin  (1859)  in  his  **  Origin  of  Species,"  and  other  works. 
He  attempted  to  show  how  modifications  may  be  brought  about  by  uniform  and 
varying  conditions  acting  for  a  long  time.  Amongst  created  beings  each  one 
struggles  with  its  neighbour,  so  that  there  is  a  real  **  struggle  fur  existence." 
Many  qualities,  such  as  vigour,  rapidity,  colour,  reproductive  activity,  &c.,  are 
hereditary,  so  that  in  this  way  by  **  natural  selection "  there  may  be  a  gradual 
improv(9ment,  and  therewith  a  gradual  change  of  the  species.  In  addition, 
organisms  can,  within  certain  limits,  accommodate  themselves  to  their  surround- 
ings or  environment.  Thus,  certain  useful  oigans  or  parts  may  undergo  develop- 
ment, while  inactive  or  useless  parts  may  undergo  retrogression,  and  form 
'* rudimentary  organs."  This  process  of  "natural  selection,"  causing  gradual 
changes  in  the  form  of  organisms,  finds  its  counterpart  in  **  artificial  selection  ** 
amongst  plants  and  animals.  Breeders  of  animals,  for  example,  by  selecting  the 
proper  crosses,  can  within  a  relatively  short  time  produce  very  material  alterations 
in  the  form  and  characters  of  the  animals  which  they  breed,  the  changes  being 
more  pronounced  than  many  of  those  that  separate  well-defined  species.  But, 
just  as  with  artificial  selection,  there  is  sometimes  a  sudden  ** reversion^  to  a 
former  type,  so  in  the  development  of  species  by  natural  selection  there  is  some- 
times a  condition  of  atavism.     Obviously,  a  wide  distribution  of  one  species  in 
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different  elimatee  most  increaae  the  liability  to  olunge,  m  very  different  oQoditkms 
of  enviroomcnt  come  into  play.  Thus,  the  migration  of  organisma  may  gradually 
lead  to  a  change  of  species. 

Biological  Law.— Without  discussing  the  development  of  different  organiamSy 
we  may  refer  to  the  '^/undamentai  biological  law  "  of  Haeckel,  viz.,  **  that  the 
ontogeny  is  a  short  repetition  of  the  phylogeny,"  \oiUogeny  being  the  history  of 
the  development  of  tingle  beings,  or  of  the  individual  from  the  ovum  onwards, 
while  phylogeny  is  the  history  of  the  development  of  a  whoU  stock  of  organisms, 
from  the  lowest  forms  of  the  series  upwards]  (p.  XX).  When  applied  to  man,  this 
law  asserts  that  the  individual  stages  in  the  course  of  the  development  of  the  human 
embryo,  e.g.,  its  existence  as  a  unicellular  ovum,  as  a  group  of  cells  after  complete 
cleavage,  as  a  blastodermic  vesicle,  as  an  organism  without  a  body-cavity,  etc.; 
that  these  stages  of  development  indicate  or  represent  so  many  animal  forms, 
through  which  the  human  species  in  the  course  of  untold  ages  has  been  gradually 
evolved.  The  individual  stages  which  the  human  race  has  passed  in  this  process 
of  evolution  are  rapidly  rehearsed  in  its  embryonic  development.  This  conception 
has  not  passed  without  challenge.  In  any  case,  the  comparison  of  the  human  de- 
velopment and  its  individual  organs  with  the  corresponding  perfect  organs  of 
lower  vertebrates,  is  of  great  importance.  Thus,  a  mammal  during  the  develop- 
ment of  its  organs  is  originally  possessed  of  the  tubular  heart,  the  branchial  clefts, 
the  undeveloped  brain,  the  cartilaginous  chorda  dorsalis,  and  many  arrangements 
of  the  vascular  system,  etc.,  which  are  permanent  throughout  the  life  of  the 
lowest  vertebrates.  These  incomplete  stages  are  perfected  in  the  ascending  classes 
of  vertebrates.  Still,  there  are  many  difficulties  to  contend  with  in  establishing 
both  the  evolution  hypothesis  of  Darwin  and  the  biological  law  of  HaeckeL 

Historical. — Although  the  impetus  to  the  study  of  the  history  of  development 
has  been  most  stimulated  in  receut  times,  the  ancient  philosophers  held  distinct 
but  very  varied  views  on  the  question  of  development.  Passing  over  the  views  of 
Pythagoras  (550  B.C.)  and  Anazagoras  (500  B.c ),  Empedocles  (473  b.c.)  taught 
that  the  embryo  was  nourished  through  the  umbilicus ;  while  he  named  the 
chorion  and  amnion.  Hippocrates  observed  incubated  eggs  from  day  to  day, 
noticed  that  the  allantois  protruded  through  the  umbilicus,  and  observed  that  the 
chick  escaped  from  the  egg  on  the  20th  day.  He  taught  that  a  7  months' 
fcetus  was  viable,  and  explained  the  possibility  of  superfoetation  from  the 
horns  of  the  uterus.  The  writings  of  Aristotle  (bom  384  b.c.)  contain  many 
references  to  development,  and  many  of  them  are  already  referred  to  in  the  text. 
He  taught  that  the  embryo  receives  its  vascular  supply  through  the  umbilical 
vessels,  and  that  the  placenta  sucked  the  blood  from  the  vascular  uterus,  like  the 
rootlets  of  a  tree  absorbing  moisture.  He  distinguished  the  polycotyledonary  from 
the  diffuse  placenta ;  and  he  referred  the  former  to  animals  without  a  complete 
TOW  of  teeth  in  both  jaws.  In  the  incubated  egg  of  the  chick,  he  distinguished 
the  blood-vessels  of  the  umbilical  vesicle,  which  carried  food  from  the  cavity  of  the 
latter,  and  also  the  allantois.  He  also  observed  that  the  head  of  the  chick  lay  on 
its  right  leg,  and  that  the  umbilical  sac  was  ultimately  absorbed  into  the  body. 
The  formation  of  double  monsters,  he  ascribed  to  the  union  of  two  germs  or  two 
embryos  lying  near  each  other.  During  generation,  the  female  produces  the 
matter,  the  male,  the  principle  which  gives  it  form  and  motion.  There  are  also 
numerous  references  to  reproduction  in  the  lower  animals.  Erasistratus  (304  B.a) 
described  the  embryo  as  arising  by  new  formations  with  the  ovum  {EpigenesU), 
while  his  contemporary,  Herophilus,  found  that  the  pregnant  uterus  was  dosed. 
He  was  aware  of  the  glandular  nature  of  the  prostate,  and  named  the  veaicnlA 
aeminales  and  the  epididymis.  Galen  (131-203  A.D.)  was  acquainted  with 
the  existence  of  the  foramen  ovale,  and  the  course  of  the  blood  in  the 
foetus  through  it,  and  through  the  ductus  arteriosus.  He  was  also 
*ware   of  the  physiological     relation   between    the    breast  and  the    blood- 
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▼easels  of  the  nterus,  and  he  described  how  the  ntems  oontraeted 
on  pressure  being  applied  to  it.  In  the  Talmud,  it  is  stated  that  an 
■animal  with  its  uterus  extirpated  may  live,  that  the  pubes  separates  during  birth, 
and  there  is  a  record  of  a  case  of  Ciesarian  section,  the  child  being  saved.  Sylvius 
described  the  value  of  the  foramen  ovale ;  Vesalius  (1540)  the  ovarian  follicles ; 
Eustachius  (tl570)  the  ductus  arteriosus  (Botalli)  and  the  branches  of  the  umbilical 
irein  to  the  liver.  Arantius  investigated  the  duct  which  bears  his  name,  and  he 
-asserted  that  the  umbilical  arteries  do  not  anastomose  with  the  maternal  vessels 
in  the  placenta.  In  Libavius  (1597)  it  is  stated  that  the  child  may  cry  in 
utero.  Riolan  (1618)  was  aware  of  the  existence  of  the  Corpus  Highmorianum 
testis.  Pavius  (1657)  investigated  the  position  of  the  testes  in  the  lumbar  region 
of  the  foetus.  Harvey  (1633)  stated  the  fundamental  axiom,  "  Omne  vivum  ex  ovo. " 
Fabricius  ab  Aquapendente  (1600;  collected  the  materials  known  for  the  history  of 
the  development  of  the  chick.  Regner  de  Graaf  described  more  carefully  the 
follicles  which  bear  his  name,  and  he  found  a  mammalian  ovum  in  the  Fallopian 
tube.  Swammerdam  (t  1685)  discovered  metamorphosis,  and  he  dissected  a 
butterfly  from  the  chrysalis  before  the  Grand  Duke  of  Tuscany.  He  described 
the  cleavage  of  the  frog's  egg.  Malpighi  (f  1694)  gave  a  good  description  of  the 
•development  of  the  chick  with  illustrations.  Hartsoecker  (1730)  asserted  that  the 
spermatozoa  pass  into  the  ovum.  The  first  half  of  the  18th  century  was  occupied 
with  a  discussion  as  to  whether  the  ovum  or  the  sperm  was  the  more  important  for 
the  new  formation  (the  Ovulists  and  Spermatists);  and  also  as  to  whether  the  foetus 
was  formed  or  developed  within  the  ovum  (Epigenesis),  or  if  it  merely  increased  in 
growth.  The  question  of  spontaneous  generation  has  been  frequently  investigated 
aince  the  time  of  Needham  in  1745. 

New  Epoch. — A  new  epoch  began  with  Caspar  Fried.  Wolff  (1759),  who  was 
the  first  to  teach  that  the  embryo  was  formed  from  layers,  and  that  the  tissues 
were  composed  of  smaller  parts  (corresponding  to  the  cells  of  the  present  period). 
He  observed  exactly  the  formation  of  the  intestine.  William  Hunter  (1775) 
described  the  membranes  of  the  pregnant  uterus.  Soemmering  (1799)  described 
the  formation  of  the  external  human  configuration,  and  Oken  and  Kiesser  that  of 
the  intestines.  Oken  and  Ooethe  taught  that  the  skull  was  composed  of  vertebrae. 
Tiedemann  described  the  formation  of  the  brain,  and  Meckel  that  of  monsters. 
The  basis  for  the  study  of  the  development  of  an  animal  from  the  layers  of  the 
ombryo,  was  laid  by  the  researches  of  Pander  (1817),  Carl  Ernst  v.  Baer  (1828- 
1834),  Remak,  and  many  other  observers ;  and  Schwann  was  the  first  to  trace  the 
•development  of  all  the  tissues  from  the  ovum.  [Schleiden  enunciated  the  cell  theory 
with  reference  to  the  minute  structure  of  vegetable  tissues,  while  Schwann  applied 
the  theory  to  the  structure  of  animal  tissues.  Amongst  those  whose  names  are 
most  prominent  in  connection  with  the  evolution  of  this  theory  are  Martin  Barry, 
von  Mohl,  Leydig,  Remak,  Goodsir,  Virchow,  Beale,  Max  Schultze,  Brilcke,  and  a 
host  of  recent  observers.] 
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Alkophyr,  333. 
Allantoin,  513,  542. 
Allantois,  1134. 
AUochiria,  1096. 
Alloxan,  536. 
Alm^n's  test,  557. 
Alternate  hemiplegia,  870. 

„        paralysis,  870. 
Alternation  of  generations, 

1102. 
Amaurosis,  788. 
Amblyopia,  788. 
American  crow-bar  case, 

903. 
Amido-acid,  513. 
Amidocaproic  acid,  341. 
Amines,  513. 
Aminia,  931. 
Ammonitemia,  584. 
Amnestia  acustica,  922. 
Amnion,  1133. 
Anmiota,  1133. 
Amniotic  fluid,  1133. 
Amoeboid  movement,  612. 
Ampere's  rule,  735. 
Amphiarthroses,  672. 
Amphoric  breathing,  246. 
Amygdalin,  418. 


Amyloid  substance,  503L 
Amylopsin,  340. 
Amylum,  512. 
Anacrotism,  146. 
Anffimia,  23. 

„    metabolism  in,  63. 

,,    pernicious,  23. 
Anierobes,  373. 
AnsBsthesia  dolorosa,  1069. 
Anaesthetics,  992. 
Ansesthetio  leprosy,  783. 
Anakusis,  810. 
Analgesia,  858. 
Analgia,  1097. 
Anamnia,  1133. 
Anarthria,  930. 
Anelectrotonus,  760. 
Aneurism,  157. 
Angioneuroses,  899. 
Autograph,  133. 
Amdrosis,  609. 
Animals,    characters    of, 

xxviii. 
Animal  foods,  479. 

magnetism,  909. 
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Anions,  736. 
Anisotropous     substance, 

624,  641. 
Ankle  donus,  852. 
Anode,  736. 
Anosmia,  785. 
Antagonistic  muscle,  676. 
Anthracometer,  250. 
Anthracosis,  224,  272. 
Antiar,  418. 
Antipeptone,  342. 
Antiperistalsis,  313. 
Aperistalsis,  316. 
Apex-beat,  80,  89,  91. 
Aphakia,  964. 
Aphasia,  930. 
Aphonia,  705. 
Apncda,  878. 

Appunn's  apparatus,  1069. 
Apselaphesia,  1096. 
Aqueous  humour,  965. 
Arachnoid  mater,  947. 
Archiblastic  cells,  1128. 
Area  opaca,  1100. 

,,    pellucida,  1100. 

„    vasculosa,  1100. 
Argyll   Robertson   pnpfl, 

991. 
Arhythmia  cordis^  143. 
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Aromatic  adds,  610. 

„       oxyacids,     514, 
545. 
Arrector  pili  muscle^  599. 
Arteries,  120. 

development  of, 

1149. 
emptinessof^  892. 
rhythmical  con- 
traction of,  895. 
sounds  iD,  192. 
structure  of,  120. 
tension  in,  139. 
tennination     in 
veins,  187. 
Arthrodial  joiots,  672. 
Articular  cartilage,  669. 
Articulation    nerve  -  cor- 

pnsclea,  1086. 
Artificial     cold  -  blooded 

condition,  456. 
Artificial  digestion,  334. 
gastric       juice, 

33a 
pancreatic  Juioe, 

respiration,  883. 
MarshaU  HaU's 
method,  883. 
Sylvester's  me- 
thod, 883. 
Asparaginic  acid,  341, 513. 
Asphyxia,  268,  879. 

,,        recovery  from, 
271. 
Aspirates,  703. 
Aspiration  of  hesirt,  175. 
Assimilation,  458. 
Associated  movement,  991 . 
Astatic  needles,  735. 
Asteatosis,  610. 
Asthma  nervosum,  822. 
Astigmatism,  988. 

,,        correction  of , 

989. 
„        test  for,  089. 
Atavism,  1163. 
Ataxaphasia,  932. 
Ataxia,  828,  919,  928,  931. 
Ataxic  tabes,  858. 
Atelectasis,  247. 
Atmospheric  pressure,  275. 
„    diminution  of,  276. 
„    increase  of,  277. 
Atresia  ani,  1133. 
Atrophy  of  the  &ce,  803. 
Atropin  in  eye,  789. 
Attention,  tune  for,  907. 
Audible     tone,     lowest^ 

1066. 
Auditory  after  aensatians, 
1076. 
area,  922. 
delusions,  810. 
meatus,  1046. 
nerve,  1043. 


Auditory  ossicles,  1049. 

,,       perception,  1065. 
Auerbach^   plexus,    316, 

392. 
Automatic      excitement, 

835. 
Autonomy,  909. 
Auxocarme,  110. 
Axis  of  vision,  1005. 

BadUua,  293,  372,  565. 
, ,      amylobacter ,  379. 
„      butyricus,  374. 
„      subtilis,  374. 
Bacterium,  272,  293,  372, 
380,  468^  565,  609. 
„     aceti,  374. 
„     cyanogeneam, 

468. 
„      foetidum,  610. 
lacticum,  373. 
synxanthum, 
468. 

,,     termo,  379. 
Ball  and    socket    joints, 

671. 
Bantingism,  489. 
Baraesthesiometer,  1029. 
Basal  ganglia,  935. 
Basedow's  disease,  899. 
Bases,  500. 

Basilar  membrane,  1062. 
Beats,  1064. 
„      successive,  1064. 
„      isolated,  1064. 
Bed-sore,  783. 
Beef-tea,  471. 
Beer,  475. 
BeU's  Uw,  825. 

deductions  from, 
827. 

Bell's  paralysis,  808. 
Benzoic  acid,  356. 
Bert's  experiment,  771* 
Bile,  acids,  355. 

composition  of,  355, 

359. 
ducts,  348. 
„       ligature     of, 
349. 
„    e£fect  of  drugs    on, 

364. 
„     excretion  o(  361. 
„    fate  of,  367. 

functions  of,  365. 
pigments,  357,  508. 
relbsorptionof,362. 
secretion  of,  359. 
test   for,   356,  357, 
558 
Biliary  fistula,  361. 
Bilicyanin,  358. 
Bilifuscin,  358. 
Biliprasin,  358,  55& 
BUirubin,  357. 
BiUverdin,  357. 
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Binocular  vision,  1028. 
Biological  law,  1164. 
Biology,  xix. 
Birth,  1161. 
Biuret  reaction,  333. 
Blastoderm,  1123. 
Blastosphere,  1122. 
Blepharospasm,  809. 
Blind  spo^  1002. 
Blood,  1. 

,,     analysis,  37. 
,,      arterial,  60.  ^ 

carbonic   add  in, 

55,58. 
coagulation,  40. 
colour,  2. 
colouring    matt^, 

23. 
defibrinated,  40. 
electrical  condition 

of,  778. 
extractives,  50. 
fats  in,  50,  64. 
lake-coloured,  10. 
nitrogen  in,  65, 69.. 
odour,  2. 

oxygen  in,  55,  56. 
ozone  in,  57. 
plasma,  37. 
plates,  21. 
quantity,  60,  185.. 
reaction,  2. 
salts  in,  51,  64. 
serum,  37. 
specific  gravity,  2. 
taste,  2. 

transfusion  of,  61. 
„      water  in,  51. 
Blood-channels,  intercellu- 
lar, 125. 
Blood-corpusdes — stroma,. 
36. 
abnormal    changes^ 

23. 
abnormal  conditions,. 

22. 
action   of    reagent» 

on,  19. 
amoeboid         move* 

ments,  18,  20. 
circulation  of,  188. 
change  of  form,  8.  ^ 
chemical     composi- 
tion, 36,  37. 
„    oolour,  8. 
,,    crenation,  7. 
„     decay,  16. 
„     diapedesis,  21. 
,,     distribution  o^  196. 
„    effect  of  reagents,  7. 
,,    form,  3,  18. 

Gower's  method,  6w 
human,  red,  3. 

„       white,  17. 
intracellular  origin, 
14. 
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jlood-corpnacl< 

Malassez's  method,  6. 
number,  4,  19. 
of  newt,  18. 
orifiin,  12,  13,  15. 
p^Sologicalchanges. 

„    size,  3,  18. 
„    stroma,  7. 
„    transfudon  of,  199. 
„    weight,  4. 
Blood-cnrrent,  159. 
,,    in  capillaries,  161. 
„    yelocityof,  179, 182. 
BlcK)d-gases,  51. 

, ,    estimation  of  0,  CO2, 

and  N,  55. 
„    extraction,  53. 
»»    gas  pumps  for,  63. 
,,    quantity,  55. 
Blood-islands,  12. 
Blood-pressure,  162. 
arterial,  166. 
capillary,  172. 
estimation  of,  162. 
in  pnhnonary  arteiy, 

177. 
in  veins,  175. 
variations  of,  166. 
Blood-vessels,  119. 
„    action  of  acids  on, 

125. 
,,    cohesion  o^  127. 
,,     elasticity  of,  126. 
„    pathology  of;  127. 
properties  of,  119. 
structure  of,  120. 
Blue  pus,  609. 

„   sweat,  609. 
Body,  vibrations  of,  157. 
Body-wall,  formation  oi^ 

1131. 
Bone,cheinicalcomposition 
of,  1147. 
callus  of,  496. 
development  of,  1147* 
„  effect  of  madder  on, 

496. 
,,   fracture  of,  496. 
„  growth  of,  1147. 
„  histogenesis  of,  1146. 
Bothriocephalus,  1102. 
B<$ttger*s  test,  297. 
Boutons  terminals,  1087. 
Bowman's  tubes,  956. 
Box  pulse-measurer,  128. 
Bradyphasia,  932. 
Brain,  861. 

„    arteries  of,  866. 
„    blood-vessels  of;  862. 
„    general   scheme  o( 
861. 
impulses,  course  of, 

868. 
influence  of,  on  cord, 
898. 
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Brain  in  invertebrata,  951. 
,,    membranes  of,  946. 
, ,    motor  centres  of,  913. 
,,    movements  of,  947* 
,,    pressure  on,  9i50. 
„    protective  apparatus 

of;  946. 
„    psychical   functions 

of,  903. 
,,    pyramidal  tracts  of, 

868. 
,,    topography  of,  935. 
„    weight  of,  861. 
Brandy,  475. 
Bread,  471. 

Brenner's  formula,  810. 
Broca's  convolution,  930. 
Bromidrosis,  609. 
Bronchial  fremitus,  246. 

„        breathing,  245. 
Bronchiole,  220. 
Bronchophony,  246. 
Bronchus   extra   pulmon- 
ary, 219. 
„      intra  pulmonary, 

220. 
„      small,  220. 
BroDzed  skin,  214. 
Brownian  movement,  293. 
Bruit,  192. 

„    de  diable,  193. 
Brunner's  glands,  368, 390. 
Bulbar  paralysis,  678, 876. 
Butter,  465. 
Butyric  acid,  374,  509. 

Caffein,  473. 

Calabar  bean  on  eye,  789. 
Calcic  phosphate,  499. 
Callus,  496. 
Caloric,  423. 
Calorimeter,  422. 
Canal  of  cochlea,  1060. 
hyaloid,  964. 
Nuck,  1156. 
Petit,  963. 
Schlemm,  958. 
semicircular,  1060. 
of  spinal  cord,  836. 
„      of  Stillmg,  964. 
Canalis  cochlearis,  1060. 

,,      reuniens  1060. 
Capillaries,  122. 

action  of  silver 

nitrate  on,  122. 

development  of, 

13. 
form    and    ar- 
rangement of, 
186. 
stigmata  of,  122. 
velocity  of  blood 
in,  182. 
Capillary   electrometer, 

749. 
Capsule,  external,  938L 
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Capsule^  Glisson,  346. 
„      internal,  938. 
„      of  Tenon,  965. 
Carbolic  acid  urine,  544. 
Carbohydrates,  335,  511. 
„  fermentation 

of,  373. 
Carbonic  add,  xxix. 
conditions 

affecting,  256. 
estimation     of, 

250. 
excretionof,26l. 
in  air,  254. 
in  blood,  58. 
in  expired  air,. 
254. 
Carbonic  oxide,  32. 

hiemoglobin,  31* 
poisoning      by^ 
31. 
Cardiac  ganglia,  98. 

hypertrophy,  79. 
impulse,  80. 
murmurs,  95. 
nerves,  97. 
plexus,  887. 
poisons,  887. 
revolution,  76. 
sounds,  88. 
Cardinal  points,  972. 
Cardiogram,  80. 
Cardiograph,  81. 
Cardio-inhibitory    centre, 
884. 
„        nerves,  818. 
Cardio  -  pneumatic  move- 
ment, 109. 
Caricin,  342. 
Camin,  514,  626. 
Carotid  gland,  124,  215. 
Casein,  464,  503. 
Cataphoric  action,  742. 
Cataract,  963. 
Cathelectrotonus,  760. 
Cathode,  736. 
Caudal  heart  of  eel,  418. 
Cavernous  f  onnations,  124. 
CeUs,  division  of,  1100. 
Cellulose,  294^  512. 
Cement    substance,    301, 
405. 
action    of    silver 
nitrate  oa,  405. 
Centre,  accelerans,  887. 

cardio  -  inhibitory, 
884. 

ciliospinal,  853. 
closure  of  eyelids, 
874. 

ejaculation,  853. 
erection,  853,1117* 
for  coughing,  875. 
for  defsecation,  853. 
heat      regulating, 
901. 
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Centre    for    mastication, 

875. 
micturition,  853. 
parturition,  854. 
pupil.      853,      875, 

989. 
respiratory,  876. 
for  saliva,  875. 
sneezinfj^,  874. 

spasm,  901. 
speech,  929. 
swallowing,  875. 
sweat,  854,  902. 
yaso-dilator,  900. 
vasomotor,  854, 890. 
vomiting,  875. 
Centre  of  gravity,  679. 
Centrifugu  nerves,  781. 
Centripetal  nerves,  783. 
CeDtro-acinar  cells,  338. 
Cereals,  471. 
Cerebellum— 

Action  of  electricity  on, 

946. 
Connections  of,  866. 
Function  o^  944. 
Pathology  of,  946. 
Removal  of,  944. 
Structure  of,  943. 
Cerebral  arteries,  866. 
epilepsy,  917,  929. 
fissures,  dog,  916. 
inspiratory    centra, 

877. 
motor  centres,  910, 

913. 
sensory  centres,  920. 
,,     vesicles,  1125. 
CerebriD,  508,  718. 
Cerebro-spinal  fluid,  947. 
Cerebrum,  861. 

,,    blood-vessels  of,  862, 
948. 
convolutions  of,  910. 
epilepsy  of,  917. 
excision  of  centres, 

918. 
extirpation  of,  904. 
Flonrens^    doctrine, 

903. 
functions  of,  903. 
Goltz's    theory    o( 

924. 
imperfect     develop- 
ment of,  903. 
lobes  of,  910. 
motor    centres    of, 

910,  913. 
motor  regionsof ,  925. 
movements  of,  947. 
sensory  centres,  920. 
sensory  regions   of, 

932. 
structure  of,  861. 
sulci  and  gyri  o^  907. 
„     tactile  areas  of,  934. 
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Cerebrum,  thermal  centres 
of,  924. 
,,    weight  of;  907. 
Cerumen,  604. 
Cervical  sympathetic,  sec- 
tion of,  833. 
Chahizse,  1100. 
Charcot's  crystals,  275. 
Cheese,  468. 
Chemical  affinity,  xxvL 
Chess-board  phenomenon, 

1036. 
Chest,  dimensions  of,  239. 
Cheyne-Stokes'  phenome- 
non, 233. 
Chiasma,  785,  786. 
Chitin,  508. 
Chlorophane,  963. 
Chlorosis,  23. 
Chocolate,  473. 
Cholalic  acid,  356,  510. 
Cholestersemia,  365. 
Cholesterin,  358,  367,  510. 
Choletelin,  358,  559. 
Cholin,  718. 
Choloidinic  acid,  356. 
Choluria,  558. 
Chondrin,  505. 

,,         peptone,  335. 
Chondro^en,  505. 
Chorda  dorsiEdis,  1127. 
Chorda  tympani,  805. 
Chord®  tendiniae,  78. 
Chorion  Iseve,  1137. 

,,       frondosum,  1137. 
,,       primitive,  1123. 
Choroid,  958, 
Choroidal  fissure,  1160. 
Christison's  formuls,  526. 
Chromatic  aberration,  987* 
Chromatophores,  611. 
Chromatopsia,  788. 
Chromidrosis,  609. 
Chromophanes,  963. 
Chronograph,  645. 
Chyle,  410,  412. 

„      movement  of,  415. 
,,      vessels,  401. 
Chylous  urine,  567. 
Chyme,  331. 
Cicatricula,  1110. 
Cilia,  612. 

, ,     conditions  for  move- 
ment, 613. 
,,     effect    of    reagents 

on,  613. 
,,     functions  of,  614. 
Ciliary  motion,  612. 

,,  force  of,  614. 
ganglion,  793. 
muscle,  958. 
nerves,  793. 
Ciliated  epithelium,  613. 
Cilio-spinal  region,  990. 
Circle  of  Willis,  948. 
Circulating  albumin,  477. 
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Circulation,  capillary,  187. 
first,  113a 
portal,  65. 
pulmonary,65. 
schemata    of, 

161. 
second,  llSa 
systemic,  65. 
Circumpolarisation,  561. 
Cleavage  of  yelk,  1123. 
„       lines  of,  112a 
„       partial,  1127. 
Cleft  sternum,  1142. 
Clerk- Maxwell's     experi- 
ment, 997. 
CUtoris,  1157. 
Closing,    continued    con- 
traction, 765. 
Closing  shock,  74:^. 
aothing,  444. 
Coagulable  fluids,  49. 
Coagulated  proteids,  503. 
Coagulation  experiments, 

46. 
Cocaine,  991. 
Coccygeal  gland,  215. 
Cochlea,  1059. 
Coecitas  verbalia,  933. 
Coelom,  1128. 
Coffee,  473. 

Cold-blooded  animaLs,  426. 
Cold  on  the  body,  455. 

„     uses  of,  456. 
Collagen,  335,  505. 
Colloids,  394. 
Coloboma,  1160. 
Colostrum,  462. 
Colour  associations,  1076. 
Colour     sensation,    1013, 
1010. 
Young  -  Helmholts 

theory,  1013. 
Hering*8        theory, 
1014. 

Colour-blindness,       1015, 

1016. 
,,    acquired,  1017. 
„    testing,  1819. 
Colour  top,  1019. 
Colours,    complementary, 
1016. 
contrast,  1011. 
geometrical  table, 

1012. 
methods  of  mix- 
ing, 1011. 
mixed,  1010. 
simple,  1010. 
Columella,  1077. 
Columns  of  the  cord,  840. 
Comedo,  610. 
Common  sensation,  1096. 
Comparative — 
Absorption,  420. 
Circulation,  215. 
Digestion,  383. 
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Comparative— 
Hearing,  1076. 
Heat,  457. 

Kidney  and  nrine,  692. 
Metabolism,  514. 
Motor  organs,  683. 
Nerve  centres,  950. 
Nerves   and   electro- 
physiology,  779. 
Peripheral  nerves,  834. 
Reproduction    and    de- 
velopment, 1163. 
Respiration,  277. 
Sight,  1040. 
Skin,  611. 

Voice  and  speech,  706. 
Compensation,  749. 
Complemental  air,  227. 
Complementary     colours, 

1011. 
Compound  eye,  1041. 
Condensed  milk,  468. 
Condiments,  473,  475. 
Conduction   in  the  cord, 

856. 
Conductivity,  770. 
Con^lutin,  504. 
Conjugation,  1101. 
Connective-tissue    spaces, 

402. 
Consonance,  1063. 
Consonauts,  703. 
Constant  current,  use  of, 

773. 
Constant  elements — 
Bunsen's,  738. 
Daniell's,  738. 
Grennet,  739. 
Grove's,  737. 
Leclanch6,  739. 
Smee's,  738. 
Constipation,  382. 
Contraction,  muscular  (see 
Myogram), 
of     blood-cor- 
puscles, 18. 
of  blood-vessels, 

125. 
remainder,  651. 
without  metals, 
751. 

Contracture,  651. 
Contrast,  1021. 

„        colours,  1011. 
Convergent  lens,  action  of, 

967. 
Cornea,  955. 
Coronary  vessels,  73. 

„         effects  of  liga- 
ture of,  75. 
Corpora     quadrigemina, 

939. 
Corpulence,  488. 
Corpus  callosum,  942. 
luteum,  1115. 
striatum,  935. 
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I  Cortical  blindness,  921. 
Corti's  organ,  1060. 
Cotyledons,  1139. 
Coughing,  248. 

,,        centre  for,  875. 
Cranial- flexures,  1125. 

„      nerves,  784. 
Crescents  of  Gianuzad,  282. 
Crista  acustica^  1061. 
Crossed  reflexes,  844. 
Crusta  petrosa,  301. 

,,      phlogistica,  39. 
Crying,  249. 
Crystallin,  502,  963. 
Crystalline  spheres,  1041. 
Crystallised  bile,  355. 
Crystalloids,  394. 
Curara»  action  of,  418, 634, 

638. 
Cutaneous  re8piration,264. 
„        trophic      affec- 
tions, 782. 
Cuticular  membrane,  300. 
Cyanogen,  33L 
Cyanuric  acid,  513. 
Cylindrical  lenses,  987. 
Cyrtometer,  242. 
Cysticercus,  1102. 
Cystin,  513,  562. 


Daltonism,  1016. 

Darby's  fluid  meat,  333. 
Damping  apparatus,  1049. 
Death  of  a  nerve,  731. 
Debove's  membrane,  219, 

388. 
Decidua  vera,  1135. 
,,       reflexa,  1136. 
„       serotina^  1136. 
Decubitus  acutus,  942. 
Defsecation,  314. 

,,  centre  for,  853. 
Deglutition,  305. 

„  nerves  of,  307. 
Demarcation  current^  758. 
Demodex       folliculorum, 

604. 
Dentine,  300. 
Dentition,  303. 
Depressor  nerve,  817. 
„         fibres,  894. 
Development,  chronology 

of,  1140. 
Dextrin,  512,  562. 
Dextrose,  511. 
Diabetes     mellitus,    352, 

659,  890. 
Diabetic  coma,  354. 
Dialysis,  394. 
Diapedesis,  189. 
Diaphragm,  235. 
Diarrhoea,  382. 
Diastatic  action,  293,  359, 

506. 
Dicrotic  pulse,  140. 
„      wave,  1^. 
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Diet,    effect   of  a^w    oa, 
482. 
„     effect  of  work  on, 
481. 
Diet  of  carbohydrates,  485. 
flesh,  485. 
flesh  and  fat,  485. 
quality  of,  478. 
quantity,  480. 
Difference  theory,  758. 
Differential  rheotom,  755. 

„         tones,  1064. 
Diffusion,  392. 

„       circles,  975. 

„       of  ^es,  52. 

Digestion  dunng  fever,  381. 

„       in  pUmts,  381. 
Digestive  apparatus,  298. 
Dilatation  of  pupil,  centre 

for,  853. 
Dilator  pupille,  959. 
Dioptric,  987. 

„     observationB,  966. 
Diphthongia,  705. 
Diphthouffs,  702. 
Diplopia^  789. 
Direct  vision,  1005. 
Dissociation,  263. 
Dissonance,  1064. 
Discharging  forces,  633. 
Disdiacukste,  625. 
Distance,    estimation   of, 
1037. 
fiJse    estimate 
of,  1038. 
Diuretics,  572. 
Double      conduction      in 

nerve,  771. 
Double  images,  neglect  of, 

1031. 
Dreams,  908. 
Dromograph,  181. 
Dropsy,  419. 
Ductus  arteriosus,  1139. 

,,     venosus,  1138. 
Dura  mater,  946. 
Dust  particles,  272. 
Dyschromatopsy,  1016. 
Dyslysin,  356. 
Dysperistalsis,  318. 
Dyspnoea,  233,  268,  879. 
Dystropodextrin,  295. 


Ear,  1043. 

„    conduction  in,  1014, 

1057. 
„    development    of, 

1161. 
„    external,  1046. 
„    fatigue  of,  1076. 
„    fineness  o(  1066.    1 
„    labyrinth  of,  1059. 
„    meatus  of^  1046. 
„    ossicles  of,  1049. 
„    speculum,  1048. 
„    ^ympanom  of^  10I6L 
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Earthy  phosphates,  647. 
Eccentric  hypertrophy,  79. 
Eochymosee,  899. 
Echo  speech,  909. 
Ectoderm,  1123. 
Efferent  nerves,  781. 
Egg  alhumin,  502,  554. 
E^,  468. 
Ejaculation,    centre    for, 

853. 
Elastic  after  effect,  662. 
„     elevations,  139. 
Elasticity  of  blood-vessels, 
126. 
,,         lens,  978. 
„         muscle,  661. 
Elastin,  506. 

Electrical  charge  of  body, 
778. 

fishes,  779. 
nerves,  771. 
organic  779. 
Electricity,    therapeutical 

uses,  772. 
Electrodes,      non-polaris- 
able,  737, 739. 
,,       other      forms, 
636,  772. 
Electrolysis,  736,  751. 
Electro-motive  force,  732, 

750. 
Electro-physiology,  732. 
Electrotonas,  755,  76a 
in  inhibitory  nerves, 

762. 
in  motor  nerves,  761. 
in  mnscle,  762. 
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„    m   sensory    nerves, 
762. 
Eleidin,  595. 
Elementary    granules    of 

blood,  22. 
Emetics,  312. 
Emmetropic  eye,  977. 
Emotions,  expression  of, 

706. 
Emulsification,  343,  365. 
Emydin,  503. 
Enamel,  301. 
Enamel-organ,  302. 
End-arteries,  187. 

„   bulbs,  1038. 

„    capsules,  1086. 

„   OTgan,  781. 
Endocardial  pressure,  87. 
Endocardium,  71. 
Endoderm,  112a 
Endolym^h,  1057. 
Endoneurium,  716. 
Endosmosis,  392. 
Endosmotic      equivalent, 

393. 
Enemata,  400. 
Eneigy,  conservation  of, 
zxvii. 
„        potential,  zziii 


Eneuresis  noctuma,  592. 
Entoptical  phenomena,994. 
„      pulse,  995. 
„      perceptioni,  1076. 
Enzym,  294,  506. 
Epiblast,  1123. 
Epidural  space,  947. 
Epigenesis,  1164. 
Epifflottis,  307. 
Epilepsy,  902. 
Epineurium,  715. 
Eponychium,  598. 
Equator,  756. 
Erection,  centre  for,  853. 

„        of  penis,  1116. 
Erect  vision,  975. 
Erythrochlorophy,  1016. 
Ervthrodextrin,  294. 
Ether,  xx. 

Eudiometer,  54,  250. 
Eukalyn,  513. 
Eupenstalsis,  318. 
Eupnoea,  878. 
Eustachian  tube,  1055. 

„  catheter,  1057. 

Excitability,     action     of 

poisons  on,  849. 
Excitable    points    of     a 

nerve,  731. 
Excito-motor  nerves,  783. 
Excretin,  376. 
Exophthalmos,  833,  899. 
Expiration,  239. 
Expiratory  muscles,  235. 
Explosives,  703. 
Extensor  tetanus,  844. 
External  genitals,  1157. 
Extra  current,  742. 
Extrapolar  re^on,  760. 
Extremities,  development 

of,  1133. 
Eye,  955. 

accommodation     of, 
975,  983. 

artificial,  1001. 

astigmatism,  988. 

chromatic  aberration 
of,  9b7. 

compound,  1041. 

development  of,  1 160. 

effect    of    electrical 
currents,  996. 

enunetropic,  977,982. 

entoptical        pheno- 
mena, 994. 

excised,  993. 

fundus  of,  999. 

hypermetropic,    983, 
986. 

illumination  of,  997. 

movements  of,  1022. 

muscles  of,  1026. 

myopic,  982,  986. 

presoyopic,  983. 

protective  organs  of, 
103a 
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Eye,  structure  of,  955. 
Eyeballs,  axis  of,  1023. 

movements     o^ 

1022. 
muscles  of,  1025. 
planes  of,  1023. 
positions         of» 

1024. 
protrusioii      of, 

1022. 
retraction       of^ 

1022. 
simultaneous 
movements  of» 
1028. 
Eye-currents,  755. 
EyeUds,  1038. 

Facial  nerve,  285,  804. 
Faecal  matter,  313,  378. 
Fallopian  tubes,  1112. 
Falsetto  voice,  698. 
Faradic  current,  743. 
Faradisation  in  paralysis, 

774. 
Far  point,  981. 
Fascia,  lymphatics  of,  416. 
Fatigue  of  muscle,  667. 
Fatigue  stuffs,  667. 
Fats,  335,  343,  508. 
,,     decomposition       o^ 
34a 
fermentation  of,  374. 
origin  of.  487. 
Fat-splitting  ferment,  343. 
Fatty  acids,  343,  50a 
„    degeneration,     489, 
729. 
Fechner's  law,  953. 
Feeble  digestion,  381. 
Fehling's    solution,    295. 

297,  660. 
Ferments,  506. 

fate  of;  371. 
organised,  607. 
, ,      unorganised,  506. 
Fermentation,  474,  648. 

„       in  intestine,  371. 
Fertilisation  of  ovum,l  120. 
Fever,  450. 
,,      after     transfusion, 
202. 
Fibres  of  Tomes,  300. 
Fibrillar  contraction,  640. 
Fibrin,  22,  37,  39,  40,  64. 
Fibrin-factors,  37. 
Fibrin-fennent,  43. 
Fibrinogen,  45. 
Fibrinoplastin,  44. 
Fibroin,  505. 
Field  of  vision,  976. 

„    contest  of,  103& 
Filaria  sanguinis,  567* 
FUtration,  394. 
First  respiration,  discharge 
of,  882.  _ 
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Fission,  1100. 
Fistula,  biliary,  361. 
^tric,  330. 
intestinal,  369. 
pancreatic,  339. 
„       Thiry's,  369. 
Flame  spectn,  28. 
Fleischl^s  law  of  contrac- 
tion, 766. 
Flesh,  469. 
FUght,  685. 

Flourens'  doctrine,  903. 
Fluid  vein,  192. 
Flnorescence,  1010. 

„         of  eye,  975. 
Flnorescin,  966. 
Focal  line,  980. 

„    point,  968,  972. 
Foetal  circulation,  1138. 

,,      membranes,  1139. 
Fontana*s  marking,  720. 
Fontanelle,  pulse  m,  157. 
Foramen  ovale,  1 139. 
Force  of  accommodation, 

984. 
Forced  movements,  940. 
Forces,  xxii. 
Formative  cells,  1125. 
Fovea  cardica,  1130. 

„      centralis,  961, 1005. 
Free  acid,  formation  of, 

328,  500. 
Friction  sounds,  95,  246. 
Frog  current,  751. 
Fromann's  lines,  712. 
Fruits,  471. 
Fundamental  note,   1048, 

1067. 
Fundus  glands,  321. 
Fungi,  372. 
Fusel  oil,  474. 

Gaertnet}  ducts  of,  1156. 

Galactorrhoea,  464. 
Galactose,  511. 
Gallstones,  382. 
Galton's  whistle,  1065. 
Galvanic  battery,  732. 

,,        excitability,  776. 
Galvano-cautery,  778. 
Galvanometer,  735. 

„        reflecting,  740. 
Galvano-puncture,  778. 

„      tetanus,  724. 
Ganglionic   arteries,   863, 

949. 
Gangrene,  783. 
(iargling,  249. 
Gaseous   exchanges,    256, 

260. 
efifects    on, 
256,  249. 
Gases,  499. 

indifferent,  271. 
irrespirable,  372. 
„     poisonous,  271. 
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Gases,  respired,  227. 

„     in  stomach,  336. 
Gas-pnmp  for  blood,  53. 
Gas-sphygmoscope,  135. 
Gasserian  ganglion,  792. 
Gastric  digestion,  331. 

conditions      affec* 
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pathological   vari- 
ations, 381. 
Gastric  giddiness,  812. 
Gastric  juice,  325,  328. 
actons  of,  331. 
action  on  tissues, 

335. 
artificial,  330. 
Gelatin,  505. 
Gelatin  v.  albumin,  485. 
Gemmation,  1101. 
Genital  eminence,  1157* 
Genu  vulgum,  677. 
,,    varum,  677. 
Geometrical   colour-table, 

1012. 
Germ  •  epithelium,     1 106, 

1155. 
Germinal  area,  1123. 
Gestation,  period  of,  1141. 
Giddiness,  811. 
Ginglymus,  670. 
Girud^,  organ  of,  1 156. 
Ghmce,  1035. 
Glands,  albuminous,  279. 
fiowman^s,  1078. 
buccal,  279. 
Brunner's,  36a 
carotid,  124,  215. 
ceruminous,  604. 
changes   in,   283, 

284,  326. 
coccygeal,  215. 
Ebner's,  279. 
fundus,  321. 
Harderian,  1041. 
lachrymal,  1038. » 
LieberkUhn's,369, 

392. 
lingual,  279. 
lymph,  406. 
mammary,  461. 
Meibomian,  1038. 
mixed,  279. 
mucous,  279, 282. 
Nuhn's,  279. 
parotid,  284,  289. 
peptic,  322. 
Fever's,  391. 
pyloric,  322. 
salivary,  280. 
sebaceous,  601. 
serous,  279,  283. 
solitary,  390. 
uterine,  1111. 
„       Weber's,  279. 
Glaucoma,  797. 
Glob'm,  502. 
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Globulins,  502. 
Glomerulus,  522. 
Glosso-pharyngeal   nerve 

285,  813. 
Glossoplegia,  824. 
Glottis,  307,  690. 
Glucose,  511. 

„       tests  for,  297,56 
Glucosides,  508. 
Glutaminic  acid,  342,  513. 
Gluten,  504. 
Glycerin,  343.  509,  510. 

„        method,  331. 
Glycerinic  acid,  375. 
Glycin,  341,  356,  375, 513. 
Glycocholic  acid,  355. 
Glycogen,  350,353,354, 51 
Glycolic  acids,  509. 
Glycosuria,  352,  559. 
Gmelin-Heintz,    reaction, 

357,  558. 
Goblet  cells,  387. 
GolPs    column,  840,  842, 

857. 
Goltz's    croaking   experi- 
ment, 846. 
Goltz's     embrace    experi- 
ment, 846. 
Gorham's     pupil     photo- 
meter, 993. 
Gout,  585. 

Graafian  follicle,  1 106. 
Granulose,  294. 
Grape-sugar,  511. 

,,    al^rption  of,  396. 

„    estimation  of,  298. 

,,    in  urine,  559. 

„     tests  for,  297,  560. 

„    volumetric  analysis, 
560. 
Gravitation,  xxii. 
Great  auricular  nerve,  894. 
Green-blindness,  1016. 
Green  vegetables,  471. 
Growth,.  497. 

,,       of  bones,  782. 
Guanin,  539. 

Gubemaculum  testis,  1156. 
Gum,  512. 

Gustatory  fibres,  805. 
,,       region,  1080. 
„       sensations,  1081. 
Gymnastics,  676. 
Gymnotus,  779. 
Gyri,  907,  911. 

HflMnatin,  33, 508. 

Hsematoblasts,  22. 
Hsmatohidrosis,  609. 
Hsematoidin,  35,  508,  559; 

1116. 
Haematoma  aurium,  783. 
Hsematoporphyrin,  33. 
Haematuria,  555. 
Haemautography,  135. 
Htemin  and  its  tests,  34 
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Hiemochromogeii,  33. 
Hemocyanin,  12. 
HsQmocytolysis,  555. 
Hsemodromometer,  179. 
Hiemodynamometer,  162. 
Hemoglobin,  23,  507. 
analysis,  37. 
carboDic  oxide,  31. 
compounds  of,  29. 
crystals,  24. 
decomposition  of, 

33. 
estimation  of,  25. 
nitric  oxide,  32. 
pathological,  27. 
preparation,     24, 

25. 
proteids  of,  36. 
rcdoced,  30. 
spectrum,  29. 
Hffimoglobinometer,  26. 
Hsmoglobinuria,  555. 
Haemophilia,  41. 
Hsemorrbage,  death  by, 63. 
,,         effect  of,  892. 
Hffimorrhoids,  676. 
Htemotachometer,  181. 
Haidinger's  brushes,  997. 
Hair,  598,  599. 

„     follicle,  599. 
Halisterisis,  677. 
Hallucinations,  909. 
Hammarsten  on  blood,  44, 

46. 
Harderian  gland,  1041. 
Harelip,  1143. 
Harmony,  1064. 
Harrison's  groove,  233. 
Hassairs  corpuscles,  212. 
Hawking,  249. 
Head-fold,  1129. 
Heart,  66. 

accelerated    action, 

87. 
action  of  gases,  96. 
apex  beat,  80. 
arrangement   of 

fibres,  67. 
auricular  systole,  76. 
automatic     centres, 

98. 
blood-vessels  of,  73. 
chordiB  tendiniae,  78. 
development     of, 

1129. 
diastole,  76. 
duration    of    move- 
ments, 96. 
endocardium,  71. 
ganglia  of,  98.   \ 
muscular  fibres,  66. 
nerves,  97. 
nutritive  fluids,  99. 
pericardium,  71. 
Purkinje*8  fibres,  73. 
sounds  of,  91, 92,  95. 
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Heart,  ■jrttole,  76. 

„    valves  of,  72,  78. 

„    weight,  73. 

„    work  of,  185. 
Heat,  XXV. 

„    balance  o^  445. 

,,    calorimeter,422,434. 

„     conductivity,  436. 

„    emplo^ent  of,  453. 

„    excretion  of,  442. 

,,    income   and  expen- 
diture, 445. 

,,    in    inflamed    parts, 
457. 

„     latent,  422. 

„     regulating      centre, 
891. 

, ,    relation  to  work,  447. 

,,     sources  of,  422,  424. 

„    specific,  434. 

„     stiffening,  631. 

,,    storage  of ,  450. 

„     units,  XXV.,  423. 

„    variations    in    pro- 
duction, 447. 
Helicotrema,  1060. 
HeUer*s  test,  297,  552. 

,,      blood-test,  557. 
Helmholtz*s  modification, 

743. 
Hemeralopia,  788. 
Hemialbuminose,  331. 
Hemiansesthesia,  771,  936, 

939. 
Hemianopsia,  786. 
Hemicrania,  899. 
Hemiopia,  786,  933. 
Hemipeptone,  342. 
Hemiplegia,  865. 
Hemisystole,  91. 
Henle^s  loop,  518. 

„      sheath,  715. 
Hen's  egg,  1110. 
Hensen's     experiments,' 

1073. 
Hepatic  cells,  348. 

„     chemical      composi- 
tion o(  350. 
Hepatogenic  icterus,  363. 
Herbst's  corpuscles,  1086. 
Hermann's  theory  of  tissue 

currents,  758. 
Herpes,  803. 

Heterologous  stimuli,  952. 
Hiccough,  249. 
Hippuric  acid,  540,  577. 
Hippus,  790. 
Historical — 

Absorption,  421. 

Circulation,  215. 

Digestion,  384. 

Hearing,  1076. 

Heat,  457. 

Kidney  and  urine,  692. 

Nerves      and      electro- 
physiology,  779. 


Historical — 

Nerve  centres,  950. 

Peripheral  nerves,  834. 

Beproduction    and    de- 
velopment, 1163. 

Respiration,  277. 

Sight,  1040. 

Slun,  611, 

Voice  and  speech,  706. 
Hoarseness,  706. 
Holoblastic  ova,  1109. 
Homoiothermal    animalB» 

426. 
Homologous  stimuli,  952. 
Horopter,  1030. 
Howship's  lacunae,  1147. 
Humour,  aqueous,  965. 
Hunger    and    starvation, 

482. 
Hyaloid  canal,  964. 
Hybernation,  257,  456. 
Hybrids,  1121. 
Hydatids,  1102. 
Hydrsemia,  63. 
Hydramnion,  1134. 
Hydrobilirubin,  358*  367. 
Hydrochinon,  544. 
Hydrochloric    acid,    325, 

328. 
Hydrocyanic  acid,  33, 271, 

419. 
Hydrogen  given  off,  477. 
Hydro^tic  ferments,  294, 

506. 
Hydroxylbenzol,  544. 
Hypakusis,  810. 
Hypalgia,  1097. 
Hypenesthesia,  856. 
Hyperakusis,  808. 
Hyperalgia,  1097. 
Hyper^lobulie,  62. 
Hypendrosis,  609. 
Hyperkinesia,  856. 
Hypermetropia,  983,  986. 
Hyperoptic,  983. 
Hyperosmia,  785. 
Hjrperpselaphesia,  1095. 
Hypertrophy  of  heart,  79. 
Hypnotism,  909,  910. 
Hypoblast,  1123, 1129. 
Hypoglossal  nerve,  824. 
Hypogeusia,  1083. 
Hypoglobulie,  62. 
Hypophysis  cerebri,  214. 
Hypopselaphesia,  1096. 
Hyposmia,  785. 
Hypospadias,  1157. 
Hypoxanthin,    341,    514^ 

539. 

lolitliidin,  503. 

Icterus,  362. 
Identical  points,  1029. 
Ileo-colic  valve,  312. 
IleujB,  313. 
Illumination  of  eye,  997. 
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Tllnflion,  954. 

Iris,  action  of  poisons  on, 

Ima^res,  formation  of,  96S. 

991. 

Tmbibition  oarrents,  759. 

„    blood-vessels  of,  990. 

Impulsee  in  brain,  coarse 

„    functions  of,  989. 

of,  868. 

„    movements  of,  990. 

Inanition,  483. 

„    muscles  of,  989. 

Income,  478. 

„    nerves  of,  990. 

Indican,  376,  543. 

Irradiation,  1019. 

Indifferent  point,  760. 

,,          of  paio,  1097. 

Indigo  blue,  543. 

Ischuria,  592. 

Indigogen,  543. 

Island  of  Reil,  912. 

Indirect  virion,  1005. 

Isolated  beats,  1064. 

Indol,  341,  375,  414. 

Isotropous,  624. 

Induction,  742. 

Inductorium,  745. 

Jacksonian  epilepsy,9l7. 

Inferior  maxillary  nerve. 

Jaeger's  types,  984 

799. 

Jaundice,  363,  558. 

Inhibition  of  reflexes,  847. 

Joints — 

Inhibition,  nature  of,  848. 

Arthrodial,  672. 

Inhibitory  action  of  brain, 

Joints — 

925. 

Ball  and  socket,  671. 

Inhibitory  nerves,  783. 
„        for  heart,  884. 

Ginglymus,  670. 
Mechanism  of,  669. 

„        for      intestine, 

Rigid,  672. 

319. 

Screw-hinge,  670. 

„        for  respiration, 

Juice-canals,  402. 

780. 

Inosioic  acid,  514. 

Eanrokiiiesis,  lioa 

Katalepsy,  909. 

Tnosit,  513,  562. 

Inspiration,  232,  247. 

Keratin,  505. 

„         forced,  234. 

Key-note,  1067. 

„         muscles  of,  234. 

Keys- 

,,         ordinary,  234. 

Capillary  contact,  748. 

Intelligence,  degree  of  ,906. 

Friction,  748. 

Intercentral  nerves,  784. 

Plug,  748. 

Intercostal  muscles,  238. 

Kidney,  515. 

Interference,  1063. 

„       blood  of,  578.. 

Interglobular  spaces,  301. 
Interlobular  vem,  346. 

,,       chemistry  of,  577 

,,       conditions  affect- 

Internal capsule,  938. 

ing.  582. 

„        respiration,  265. 

„       reabrorption    in. 

„        reproductive 

576. 

organs,  1155. 

„       structure  of,  515. 

Intestinal  fistula,  369. 

,,       volume  of,  580. 

„        gases,  371. 

Kintesodic  substance,  855. 

„        juice,  368. 

Kinetic  energy,  422. 

„            „    actions  of. 

,,      theory,  811. 

370. 

Klang,  1063,  1067. 

„        paresis,  318. 
Intestine,  312. 

Knee  phenomenon,  851. 
„     reflex,  851. 

„        development  o( 
1152. 

Koenig*s    manometric 

flames,  1070. 

,,        large,  392. 

Koumiss,  468. 

,,        movements    of, 

Krause's  end-bulbs,  1085. 

312. 

Kreatin,  513. 

„        small,  386. 

Kreatinin,  513,  537. 

Intralobular  vein,  346. 

,,         properties,  537* 

Intraocular  pressure,  965, 

„         quantity,  537. 

991,  992. 

„         test,  537. 

Iniectivoroas  plants,  384. 

Kresol,  614. 

Intussusception,  313. 

Kymograph,  162. 

Inulin,  512. 

Pick's,  164. 

Invertin,  870. 

„         Lndwig*s,162. 

Invert  sugar,  296. 

Kyphosis,  677. 

Ions,  736. 

Iris,  959,  989. 

Labials,  704. 

Labour,  power  of,  1162. 
Labyrinth,  1059. 
Lachrymal         apparatus, 

1039. 
Lacteals,  402. 
Lactic  acid,  510,  545. 

,,  ferment,  335. 

Lactoprotein,  465. 
Lactose,  511,  562. 
Ltevulose,  511. 
Lagophthalmus,  790. 
Lambert's  method,  1011. 
Lamina  spiralis,  1059. 
Laminss  aorsales,  1125. 
Lanugo,  600. 
Large  intestine,  377. 

„  absorption 

in,  378. 
Lardaceia,  503. 
Laryngoscope,  693. 
Larynx — 

Cartilages  of,  686,  693. 

Experiments  on,  696. 

Illumination  of,  693. 

Mucous  membrane    of, 
692. 

Muscles  of,  689. 

View  of,  694. 

Vocal  cords,  687. 
Latent  heat,  422. 

„      period,  847. 
Lateral  plates,  1128. 
Laughing,  249. 
Law   of   conservation    of 
ener^,  xxvii. 

, ,    contraction,  763, 776. 
isolated  conduction, 

771.    . 
peripheral     percep- 
tion, 1088,  1096. 

,,    specific  energy,  952. 
Lecithin,  343,  367. 
Legumin,  472,  504. 
Lens,  crystaUine,  963. 

,,  chemistry  of,  963. 
Lenticular  nucleus,  935. 
Leptothrix  buccalis,  275, 

293. 
Leucic  acid,  510. 
Leucin,     341,    375,    513, 

563. 
Leucocytes,  402. 
Leucoderma,  783. 
Leuksemia,  23. 
Lichenin,  512. 
LieberkiUm*8  glands,  368, 

390. 
Liebig's  extract,  471. 
Life,  xxxi 

liminal  intensity,  952.  ' 
Line    of   accommodation, 

980. 
Ling's  system,  677. 
Lingual  nerve,  799. 
Lipaemia,  64. 
Liver,  346. 
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Lirer,  chemical  compoei' 
tion,  350. 
„     cirrhosis  of,  349. 
,,      fat  in,  351. 

functions  of,  354. 
glycogen  in,  350. 
pathology  of^  349. 
pulse  in,  195. 
Locality,  sense  of,  1088. 

„       illusions  of,  1090. 
Lochia,  1162. 
Locomotor  ataxia,  852, 858. 
Lordosis,  677. 
Loss  of  weight,  484. 

„    by  skin,  264. 
Lowe's  ring,  995. 
Lungs,  215. 

chemical  composi- 
tion of,  225. 
development      of, 
1153. 

Lungs,  elastic  tension  of, 
227, 
„      limits  of ,  242. 
„      physical  pToi)erties, 

225. 
„      structure  of,  221. 
„      tonus,  225. 
Lunule,  597. 
Lutein,  1116. 
Luxus  consumption,  477. 
Lymph,  409,  413. 

, ,       movement  of,  415. 
„       gases  of,  266. 
Lymph-corpuscles,  409. 
, ,      origm  and  decay  of, 
414. 
Lymphatics,  401. 

,,  of  eye,  965. 

„  origin  of,  402. 

Lymph-follicles,  280,  323, 
406. 

glands,  406. 
earts,  417. 
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Hacropia,  790. 

Macula  lutea,  961. 
MacnlsB  acusticse,  1061. 
Madder,  feeding  with,  496. 
Magnetisation,  743. 
Magneto-induction,     745, 

747. 
Major  chord,  1064. 
Malapterurus,  779. 
Maltose,  294, 340,506,511. 
Mammary  glands,  461. 
chances  in,  462. 
development     of, 

463. 
structure  of,  461. 
Manometer,  162. 
Manometric  flames,  1070. 
Marey's  tambour,  87,  132. 
Marparin,  596. 
Manotte's        experiment, 

1002. 
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Mastication,  299 

„        muscles  of,  299. 
„        nerves  of,  304. 
Massage,  677. 
Matter,  xx. 

Maturation  of  ovum,  1121. 
Meat  soup,  470. 
Meckel's  cartilage,  1144. 

it       ganglion,  97,1 143. 
Meconium,  ^7. 
Medulla  oblongata — 
Functions  o^  873. 
Grey  matter  of,  871. 
Reflex  centres  in,  874. 
Structure  of,  870. 
Medullary  groove,  1124. 

„  tube,  1125. 

Meiocardie,  110. 
Melssner's  plexus,  316,392. 
MelansBinia,  23. 
Melanin,  508,  543. 
Melitose,  512. 
Mellitiemia,  65. 
Membrana  decidua  men- 
strualis,  1115. 
fiaccida,  1048. 
reticularis,  1062. 
reunions,  1131. 
secundaria,  1057. 
tectoria,  1061. 
Membranes  of  brain,  946. 
Meniere's  disease,  812. 
Menstruation,  1113. 
Merkel's  cells,  1086. 
Meroblastic  ova,  1 109. 
Mesentery,     development 

of;  1153. 
Mesoblast,  1124,  1127. 
Mesonephros,  1157. 
Metabolic  equilibrium,476. 
„       phenomena,  458. 
Metabolism,  xxxi. 
Metalbumin,  502. 
Metallic  tinkling,  244. 
Metalloscopy,  1097. 
Metamorphosis,  1101. 
Metanephros,  1157. 
Meteorism,  319. 
Methsemoglobin,  30. 
Methylamine,  513. 
Meynert's  projection  sys- 
tems, 863. 
,,         theory,  906. 
Micrococci,  372. 
Micrococcus  uree,  550. 
Microphone,  136. 
Micropyle,  1108. 
Micturition,  590. 

,,  centre  for,  853. 
Mi  fixation  of  ovum,  1121. 
Milk,  462,  464. 

coagulation  of,  465. 
colostrum,  466. 
composition  of,  466. 
curdling      ferment, 
335,  344. 
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Milk,  digestion  of,  334. 
fever,  1163. 
globules  of,  464. 
plasma,  465. 
preparations  of,  468. 
sugar,  373,  465,  511. 
tests  for,  467. 
Millon's  reagent,  3.33. 
Mimetic  spasm,  809. 
Minor  chord,  1064. 
Mixed  colours,  1010. 
Molecules,  xxi. 
Molecular  basis  of  chyle, 

410. 
Monoplegia,  929. 
Monospasm,  929. 
Moore's  test,  297. 
Morean*s  experiment,  371. 
Morphology,  xix. 
Morula,  1122. 
Motor  centres,  dog,  916. 

„      excision  of,  91S. 
Motor  nerves,  781. 
Motor  points  on  the  sur- 
face, 773. 
Mouth,  279. 

„      glands  of,  279. 
Mouvement    de    manege, 

940. 
Movements  of  the  eye,  929. 
„    forced,  940. 
„    unco-ordinated,  82& 
Mucedin,  504. 
Mucigen,  388. 
Mucin,  504,  554,  964. 
Mucous  tissue,  965. 
Mucous    membrane    cur- 
rents, 752. 
Mucus,  formation  of,  273. 
Mulberry  mass,  1122. 
Mulder's  test,  297. 
Muller's  ducts,  1155. 
„      experiment,  149. 
,,      flbi-es,  961. 
Multiplicator,  735. 
Murexide  test,  537. 
Murmurs,  192. 
Muscse  volitantes,  9M. 
Musoarin,  313. 
Muscle,  614. 

action  of  two  stimuli 

on,  650. 
action  of   veratrin, 

650. 
active,    change   in, 

627. 
arrauffement  of,  672. 
atrophic     prolifera 
tion  of,  677. 
,     blood-vessels  of,  619. 
cardiac,  621. 
changes  during  con- 
traction,  639,  643. 
chemical     composi- 
tion, 625. 
curve  of,  646. 
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llnacle,  degenerations  o^ 
678. 
development  of,  622. 
effectof  acids  on,632. 
effect  of  cold  on,  632 
effect     of    distilled 

water  on,  631. 
effect  of  exercise  on, 

628. 
effect  of  fatigue  on, 

649. 
effect    of    heat    on, 

631. 
elasticity  of,  661. 
excitability  of,  633. 
extractives  of,  628. 
fatigue  of,  667. 
formation  of  heat  in, 

664. 
glycogen  in,  628. 
involuntary,  622. 
lymphatics  of,  619. 
metabolism  of,  626. 
myosin  ot  625. 
nerves  of,  620. 
nutrition  of,  677. 
perimysium  of,  615. 
physical  characters, 

624. 
plasma  of,  625. 
polarised    light    on, 

625,  641. 
red  and  pale,  '162, 

653. 
relation  to  tendons, 

619. 
rigor  mortis  of,  629. 
serum  of,  626. 
smooth,  650. 
sound  of,  666. 
spectrum  of,  642. 
stimuli  of,  637. 
structure  of  striped, 

616. 
tetanus,  652. 
tonus,  854. 
uses  of,  672. 
voluntary,  615. 
work  of,  658. 
Muscle-current,  740,  749. 
„        theories,  757. 
Muscle-plate,  1131. 
Muscular  contraction  (see 
Myogram),  rate  of,  656. 
Muscular  sense,  1098. 
work,  658. 
,,  lawsof,659. 
Mutes,  703. 
Mydriasis,  789. 
Mydriatics,  991. 
Myelin  forms,  344,  712. 
Myogram,  646. 

effect  of  weights  on, 

649. 
effect  of  fiktigue  on, 
649. 
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Myogram,effectof constant 
current  on,  650. 
,,    method  of  studying, 

648. 
,,    stages  of,  647. 
Myograph,     Helmholtz's, 
643. 
pendulum,  643. 
Pflttger's,  646. 
simple,  646. 
spring,  645. 
Myopia,  982.  986. 
MyoryctesWeismanni,624. 
Myosin,  502,  625. 
Myosis,  790. 
Myotics,  992. 

Nails,  597. 

Nasal  Dreathing,  248. 

,,      timbre,  702. 
Nasmyth's  membrane,  301. 
Native  albumins,  502. 
Natural  selection,  1163. 
Near  point,  981. 
Neef  s  hammer,  747. 
Negative  accommodation, 
976. 
„     pressure,  395. 
„    variation,  752,  754, 
755. 
Nephrozymose,  545. 
Nerve-cells,  bipolar,  717. 
,,    multip>lar,  716. 
,,    of  cerebrum,  861. 
Purkinje's,  943. 
with  a  spiral  fibre, 
717. 
Nerve     centres,     general 

functions,  835. 
Nerve-fibres,  707. 
,,    action  of  nitrate  of 

silver  on,  714. 
,,    chemical  properties 

o^  718. 
, ,    classification  of,  781 . 
„    death  of,  731. 

degeneration  of,  728. 
development  of,  716. 
,,    division  of,  714. 
effect  of  a  constant 

current  on,  724. 
electrical  current  of, 

740. 
excitability  of,  720. 
„    fatigue  of,  726. 
,,     incisures  of,  714. 
,,    mechanical    proper- 
ties o^  719. 
„    meduUated,  711. 
,,    metabolism  of ,  720. 
nutrition  of,  726. 
Eanvier's        nodes, 

713. 
reaction  of,  719. 
regeneration  of,  729. 
sheaths  of,  716. 
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Nerve-fibres,    stimuli   of, 
721. 
structure  of,  709. 
suture  of,  729. 
terminations  of,  1086. 
to  glands,  286. 
traumatic  degenera- 
tion of,  729. 
trophic   centres   of, 

730. 
unequal  exoitabLlity 
of,  726. 
Nerves,  cranial,  784. 
„    intercentral,  784. 
„    motor,  781. 
,,    secretory,  781. 
sensorv,  783. 
special  sense,  783. 
„     spinal,  825. 
„    trophic,  781. 
„    union  of,  771. 
Nerve-current,  740,  759. 
Nerve-impulse,  rate  of,  766. 
metnod  of  measuring, 

767. 
modifying       condi- 
tions,  767. 
variations  of,  770. 
Nerve-motion,  770. 
Nerve-muscle  preparation, 

754. 
Nerve-stretching,  721. 
Nervi  nervorum,  716. 
Nervous  svstem,  709,  835. 
, ,   development  of^  1 159. 
Nervus  abduoens,  803. 
„    acoessorius,  823. 
„    acusticus,  809. 
„    depressor,  169,  817. 
„    erigens,  900,  1117. 
„    fiMsialis,  804. 
„    glossopharyngeus, 
813. 
hypoglossus,  824. 
oculomotorius,  788. 
olfaotorius,  784. 
opticus,  785. 
„    sympathicus,  830. 
„     trigeminus,  790. 
,,    trochlearis,  790. 
„    vagus,  814. 
Neubauer's  test,  297. 
NenraljB[ia,  802, 1097. 
Neural  tube,  1125. 
Neurasthenia  gastrica,  381. 
Neurin,  718. 
Neuro-epithelium,  960. 
Neurogleia,  839. 
Neuro-keratin,  714. 
Neuro-muscular  cells,  637. 
New-bom  child,  digestion 
of,  344. 
food  of,  481. 
mental  facul- 
ties, 954. 
„         pulse,  142. 
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'SeW-hotn  cbild,  ai»,  497. 

„         tempentare, 
438. 
Qrine  of,  625. 
weight,  497. 
Nictitatmg   membrane, 

1041. 
Ititrogen  in  air,  245. 
,,       in  blood,  58. 
,,       given  off,  477. 
Korad  vital,  876. 
Noises,  1063. 
Nose,  development  of, 
1161. 
,,     strnctnre,  1077* 
Notochord,  1127. 
Nuclein,  504. 
Nuclent  of  Pander,  1100. 
!Nutrient  arteries,  949. 

,,    enemata,  400. 
Ku&sbaum's  ezperimenti, 

674. 
Nyctalopia,  788. 
^y8tagmu8,  790,  811,  941. 

OcnlomotoriiM,  788. 

Odontoblaats,  302. 
(£denia,  419. 

cadietio,  420. 
pulmonary,     75, 
248. 

CEflophagns,  308. 
Oleic  acid,  509. 
Oligemia,  63. 
Ollactory  centre,  923,  933. 
„       nerve,  784. 
„       sensations,  1078. 
Ohm's  law,  733. 
Oldium  albicans,  275, 293. 
Omphalo-mesenteric  dnct, 

1129. 
„        „    vessels,  1130, 
1151. 
Onamatopoesy,  706. 
Opoograph,  209,  581. 
Oncometer,  581. 
Ontogeny,  1164. 
Openmff  shock,  743. 
Ophthidmia     nenro-para- 
lytica,  796. 
,,    intennittens,  797. 
„    sympathetic,  797. 
Ophthalmic  nerve,  792. 
Ophthalmometer,  974. 
Ophthalmo8cope,997, 1000. 
Optic  nerve,  785,  996. 
„    radiation,  785. 
„    thalamus,  936. 
„    tract,  786. 
,,    vesicle,  1126. 
Optical   cardinal    points, 

970. 
Optogram,  1009i 
Optometer,  984. 
Oiganic  compounds,  500. 
„      reflexes,  852. 
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Oigmn-albamin,  477. 
Orthoscope,  1002. 
Otmasome,  470. 
Ossein,  505. 
Osseous  system,  formation 

of,  1141. 
Osteoblasts,  1 146. 
Osteoclasts,  1147. 
Osteomalacia,  677. 
Otic  ganglion,  800. 
0\ary,  1106. 
Ovanan  tubes,  1108. 
Ovulation,  1114. 

„       theories  of,  1115. 
Ovum,  1107. 

development       of, 
1108. 

discharge  of,  1114^ 

fertilisation  of,l  1 20. 

impregnation      of, 
1122. 

maturation  of,  1 121. 

migration  of,  1121. 

structure  of,  1107. 
Oxalic  acid,  539. 

„         series,  510. 
Oxaluria,  540. 
Ozaluric  acid,  539. 
Oxyhsemoglobin,  29. 
Oxyakoia,  808. 

Paochionian  bodies,  947. 

Pacini's  corpuscles,  1085. 
Pain,  1096. 

,,    irradiation  of,  859. 
Painful  impressicns,  con- 
duction of,  858. 
Palmitic  add,  509. 
Pancreas,  337. 

changes  in,  338. 
development  of, 

1153. 
fistula  of,  339. 
juice  of,  339. 
paralytic  secre- 
tion, 339,  345. 
Pancreatic  secretion,  340. 
actions  of,  341, 

344. 
artificial  juice, 

341. 
action  of  nerves 

on,  345. 
actionof  poisons 

on,  345. 
composition, 

340. 
extracts,  344. 
Panophthalmia,  795. 
Pansphygmograph,  132. 
Papain,  342. 
Papilla  foliata,  108a 
Parabanic  ac\d,  539. 
Panblastic  cells,  1128. 
Paradoxical     contraction, 
757. 
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Paradoxical  reaction,  816L 
Paraglobulin,  44,  49,  502. 
P«raki«6ol,  514,  544. 
Paralbumin,  502. 
Paralgia,  1097. 
Paralytic     secretion      of 
saUva,288. 
, ,       pancreatic  juice» 
345. 
Paramylum,  512. 
Parapeptone,  331. 
Paraphasia,  932. 
Paraxanthin,  514,  539. 
Parelectronomy,  757. 
Paridrosis,  609. 
Paroophoron,  1157. 
Parotid  gland,  284,  289. 
Parovarium,  1156. 
Parthenogenesis,  1102. 
Partial  pressure,  52. 
„     reflexes,  843. 
Particles,  xxi. 
Parturition,    centre    for, 

8.53. 
Passavant's  elevation,  306» 
Passive  insufficiency,  675. 
Patellar  reflex,  852. 
Pathic  reflex,  849. 
Pavy's  test,  560. 
Pecten,  1041. 
Pectoral  fremitus,  246. 
Pedunculi  cerebri,  939. 
Penis,  erection  of,  1 1 16. 
Pepsin,  325,  331,  545. 
Pepsinogen,  327. 
Peptic  glands,  321. 

,,      changes  in,  326. 
Peptone,  331,  341. 

„        forming  ferment, 

296. 
„        tests  for,  332. 
Peptonised  foods,  345.    •  ] 
Peptonuria,  554. 
Percussion,  242. 
Pericardium,  71. 
Perimeter,  Aubert  and 
Forster,  1005. 
M*Hardy's,  1005. 
Priestley  Smith's, 
1007. 

Perimetric  chart,  1007. 
Perimetry,  1005. 
Perineurium,  716. 
Periodontal      membrane,. 

301. 
Periataltic  movement,  305,. 
312. 
action  of  blood 

on,  318. 
action  of  nerves 
on,  319. 
Peritoneum,   development 

of,  1153. 
Perivascular  spaces,  404. 
Pettenkofer*B    test,    356, 
559. 
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Peyer's  glands,  391. 
PflQffer'8  law,  844. 
PhakoBcope,  979. 
Ph&nakistoscope,  1018. 
Phases,   displacement  of, 

1068, 
Phenol,  341,  37B,  510,  514, 

544. 
Pheuylsnlphnric  acid,  514. 
Phlebogram,  194. 
Phonation,  691. 
Phonograph,  1069. 
Phonometry,  244. 
Phosphenes,  995. 
Photophobia,  809. 
Photopsia,  788. 
Phrenoffraph,  231. 
PhrenoE)gy,  904. 
Phylogeny,  1164. 
Phytomycetes,  665. 
Pia  mater,  946. 
Picric  acid  test,  553^ 
Pitch.  1063. 
Placenta,  1137. 
Placental  bruit,  192. 
Plantar  reflex,  850. 
Plants,character8of,xxyiiL 
„      electrical    currents 
in,  760. 
Plasma  cells,  947. 

of  blood,  38. 
of  lymph,  409. 
of  milk,  465. 
of  muscle,  625. 
Plethora,  61. 
Plethysmography,  197. 
Pleura,  223. 
Pleuro-peritoneal    cavity, 

1128. 
Pleximeter,  242. 
Pneumatogram,  229. 
Pneumograph,  231. 
Pneumonia  after  section  of 

vagi,  819. 
Pneumothorax,  226. 
Poikilothermal     animals, 

426. 
PoiseuiUe's  space,  187. 
Poisons,  heart,  109. 

spinal  cord,  845, 

847. 
on       vasomotor 
nerves,  898. 
Polar  globules,  1121. 
Polarisation,  galvanic,  737. 
„  mtemal,742. 

Polarising  after-currents, 

767. 
Politzer's  ear  bag,  1057. 
Polyiemia,  61,  62. 

apocoptica,  61. 
aquosa,  62. 
hyperalbumin- 
osa,  62. 

polycythaemica, 
62. 
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Polysemia,  serosa,  62. 

,,        transfusoria,  61. 
Polyopia  monocularis,  989. 
Pons  Varolii,  939. 
Porret's  phenomenon,  624. 
Portal  canals,  346. 

circulation,  65. 
system,       develop- 
ment of,  1152. 
,,      vein  in  liver,  346. 
„      vein,    ligature    of, 
176. 
Positive    accommodation, 
976. 
„     after  images,  1018. 
Potash  salts,  108, 560, 584, 

667,  677. 
Potassium  sulphocyanide, 

291,  545. 
Potatoes,  472. 
Presbyopia,  983, 
Pressor  fibres,  859,  893. 
Pressure,  arterial,  162. 

intra -labyrin- 
thine, 1062. 
sense  of,  1091. 
Prickle  cells,  595. 
Primitive  anus,  1133. 
chorion,  1123. 
circulation,  1130. 
eroove,  1123. 
kidneys,  1154. 
mouth,  1133. 
streak,  1123. 
Primordial  cranium,  1142. 

,,  "ova,  1108. 

Principal  focus,  967. 
„      point,  970. 
Progressive  muscular  atro- 
phy, 782. 
Pronephros,  1156. 
Pronucleus,  male,  1122. 

,,  fem{de,  1122. 

Propeptone,  .331. 
Protagon,  508,  719. 
Proteids,  500. 

gastric  digestion 

of,  3.31. 
fermentation  of, 

375. 
pancreatic  diges- 
tion of,  341. 
reactions  of,  501. 
Protistee,  xix. 
Protodoeum,  1124. 
Protoplasm,  759. 
Protovertebrsi,  1128. 
Psendo-hy  pertrophic  para- 
lysis, 782. 
Pseudo-motor  action,  806. 
Pseudoscope,  1035. 
Pseudo-stomata,  221. 
Psychical  activities,  903. 
blindness,    921, 

933. 
deafiiess,  922. 
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Psycho -acoustic     centre, 
922,  933. 
geusic  centre,  923» 

933. 
motor  centres,  9 1 4. 
optic  centre,  785, 

921,  932. 
osmic  centre,  923. 
physical  law,  953. 
sensorial  centres, 
920. 
, ,      sensory  path8,934» 
Ptomaines,  333. 
Ptosis,  789. 
PtyaUn,  293,  295,  506. 
Puberty,  1112. 
Pulmonary  artery,    pres- 
sure in,  177. 
Pulmonary  oedema,  248. 

Pulse,  127. 

anacrotism  of  capil- 
lary, 196. 
characters  of,  141. 
conditions     affect- 
ing, 142. 
curve,  136. 
dicrotic,  140. 
entoptical,  156. 
historical,  127. 
„      influence  of  pressure 

on,  151. 
„      influence  of  respira- 
tion OD,  148. 
instruments  for  in- 
vestigating, 128. 
of  various  arteries, 

144. 
paradoxical,  151. 
pathological,  157. 
recurrent,  146. 
„      trigeminas,  143. 
,,      variations  in,  142. 
„      venous,  195. 
„      wave,  152. 
Pulsus  alternans,  143. 
„      bigeminus,  143. 
„      capricans,  140. 
„      dicrotus,  140. 
,,      intercurrens,  143. 
„      myurus,  143. 
Pumping  mechanisms,415. 
Pupil,  980. 

action  of  poisons  on,, 

991. 
Argyll     Robertson^ 
991. 

„    functions  of,  989.      . 
„    movements  of,  990* 
„    photometer,  993. 
„    size  of,  980,  993. 
Purgatives,  320. 
PurKuije,  cells  of,  943. 
„        fibres  of,  73. 
,,        figure,  995. 
Putrefactive  processes,37I» 
Pyloric  glands,  322. 
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Pyloric  glands,  changes  in, 

326. 
Pyramidal  tracts,  867. 
„         degeneratlonof, 
927. 
Pyuria,  564. 
PyrokatechiD,  510,  544. 

ttnality  of  a  note,  1063, 

1067. 
"Quantity  of  blood,  60. 

„         fuod,  478,  480. 

Bales,  dry,  246. 

„      moist,  246. 
Rami  communicantes,  830. 
Range  of  accommodation, 

987. 
Ranvier's  nodes,  713. 
Reaction  of  degeneration, 

774,  777. 
Reaction  time,  770,  907. 
Recovery,  668,  726. 
Recurrent  pulse,  146. 

,,        sensibility,  826. 
Red-blindness,  1016. 
Reduced  eye  of  Listing, 

972. 
Reductions    in    intestine, 

377. 
Reflex  acts,  examples  of, 
845. 

,,    movement,  843w 

,,     movements,    theory 
of,  849. 

„    nerves,  783. 

,,    spasms,  843. 

„    tactile,  857. 

„     time,  847. 

,,    tonus,  854. 
Refracted  ray,  971. 
Refractive  indices,  969. 
Regeneration    of    tissues, 

493. 
„  nerve,  729. 

Regio  olfactoria,  1077. 

,,     respiratoria,  1077. 
Reissner^  membrane,  1 060. 
Relative    proportions     of 

diet,  480. 
Renal  plexus,  579. 
Rennet,  335,  466. 
Reproduction,    forms    of, 

1100. 
Requisites    in    a    proper 

diet,  478. 
Reserve  air,  227. 
Residual  air,  227. 
Resistance,  117. 
Resonance  organs,  707. 
Resonants,  703. 
Resorcin,  544. 
Respiration,  217. 

„        amphoric,  246. 
„        artificial,     271, 
883. 
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Respiration,bronchial,  245. 
centre  for,  876. 
chemistry      of, 

250. 
cog-wheel,  246. 
forced,  232, 247. 
in     a     closed 

space,  267. 
intestinal,  277. 
muscles  of,  234. 
number  of,  229. 
periodic,  234. 
pressure  during, 

247. 
sounds  of,  245. 
time  of,  229. 
type,  232. 
variations      of, 

233. 
vesicular,  245. 
Respiratory  apparatus, 
217,  251. 
Andral     and 

Gavarret,  251. 
mechanism    of, 

226. 
V.  Pettenkofer, 

253. 
Regnault     and 

Reiset,  252. 
Scharling,  252. 
Respiratory  centre,  876. 

,,         quotient,  255. 
Rete  mirabile,  66. 
Retina,  960. 

activity    in    vision, 

1002. 
blood-vessels  of,  961. 
chemistry  of,  962. 
capillaries,       move- 
ments in,  995. 
epithelium  of,  961. 
rods  and   cones  of, 

1003. 
structure  of,  960. 
visual  purple  of,  961. 
Retinal  image,  formation 
of,  973. 
„        size     of,      973, 
1035. 
Retinoscopy,  1000. 
Rigor  mortis,  629. 
Rheocord,  732. 
Rheometer,  181. 
Rheophores,  772. 
Rheoscopic  limb,  751. 
Rheostat,  734. 
Rhinoscopy,  696. 
Rhodophane,  963. 
Rhodopein,  961,  1009. 
Rickets,  677. 

Ratter's  opening  tetanus, 
766. 
„        tetanus,  763. 
Ritter-Valli  law,  731,  764. 
Rods  and  cones,  1002. 
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Rotatory  disc  for  odours, 

1011. 
Running,  683. 

Saccharomvoetes,  565. 

Saccharose,  511. 
Saftcan&lchen,  402. 
Saline  cathartics,  320. 
Saliva,   action  of  poisons 
on,  290. 
action    on  starch, 

294,296. 
compositionof,292. 
Saliva  facial, 

functions  of,  294. 

mixed,  292. 

new  -  bom     child, 

293. 
parotid,  291. 
pathological,  380. 
„      ptyalin,  295. 

reflex  secretion  of, 

289. 
sublingual,  292. 
submaxillary,  292. 
theory  of  secretion, 
291. 

Salivary  corpuscles,  292. 
development    of, 

1153. 
glands,  280. 
,,        nerves  of,  285. 
Salts,  499. 
Sanson -Purkinje's  images, 

978. 
Saponification,  343. 
Sarcina  ventriculi,  381. 
Sarcolactic  acid,  626. 
Sarkin,  514,  539. 
Sarkosin,  513. 
Saviotti's  canals,  338. 
Scheiner's  experiment,  980. 
SchifiTs  test,  538. 
Schizomycetes,  372,  565. 
Schreger's  lines,  301. 
Schwann's  sheath,  713. 
Sclerotic,  958. 
Scoliosis,  677. 
Scotoma,  1007. 
Screw-hinge  joint,  670. 
Scrotum,     formation     o^ 

1157. 
ScvUit,  513. 
Sebaceous  glands,  601. 

„         secretion,  604. 
Seborrhoea,  610. 
Secondary  contraction,753. 
„        degeneration, 

841. 
,,        tetanus,  754. 
Secretion  currents,  759. 
Secretory  nerves,  781. 
Sectional  area,  182. 
Segmentation  sphere,  1 122. 
Seu-stimnlation  of  mnadep 
751. 
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Semen,     compositioii    of, 
1102. 
, ,     ejaculation  of,  1 1 19. 
,,     reception  of,  1119. 
Semicircalar  canals,  810, 

1060. 
Sense  organs,  952. 
Sensory  areas,  923. 
Serin,  513. 
Serum  of  blood,  38. 
Serum-albumin,   49,   502, 

551. 
Serum-globulin,    44^    49, 

502. 
Setschenow's  centres,  848. 
Sex,  difference  of,  1158. 
Shadows,  994. 

,,        coloured,  1021. 
Sharpey's  fibres,  301, 1147. 
Short  -  sightedness,      982, 

986. 
Shunt,  741. 
Sighing,  249. 
Simple  colours,  1010. 

„      contraction,  646. 
Simultaneous       contrast, 

1020. 
Single  vision,  1029. 
Sitting,  680. 
Size,  497. 
,,    estimation  of^  1035. 
„    false      estimate     of, 
1038. 
Skatol,  341,  376,  414,  545. 
Skin,  absorption  by,  610. 
„     chorium  of,  596. 
,f     comparative,  611. 
„     epidermis,  593. 
,,     functions  of,  602. 
„     galvanic  conduction 

of,  616. 
„     fflands  of,  601. 
historical,  611. 
protective  covering, 
602. 
„     respiratory     organ, 

603. 
„     structure  of,  593. 
„     vamishing  the,  604. 
Skin  currents,  752. 
Sleep,  908,  948,  991. 
Small  intestine,  386. 

absorption 
by,  395. 
structure 
of,  387. 
Smegma,  604. 
SmeU,  784. 

,,     sense  of,  1077. 
Sneezing,  249. 
Snellen's  types,  984. 
Snoring,  249. 
Sodic  chloride,  499,  546. 
Solitary  follicles,  390. 
Somatopleure,  11^. 
Sorbin,  513. 
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Sound,  1045. 

conduction  to  ear, 

1044. 
direction  of,  1075. 
distance  of,  1075. 
heart,  91. 
of  muscle,  666. 
perceptionof,  1075. 
reflection  of,  1045. 
Spasm  centre,  901. 
Spasmus  nictitans,  809. 
Specific  energy,  952,  1008. 
Spectacles,  986. 
Spectra,  optical,  997. 
Spectroscope,  27,  557. 
Spectrum  mucro-lacrinude, 
994. 
of  bile,  358. 
of  blood,  29. 
„       of  muscle,  642. 
Speech,  699. 

centre  for,  929. 
pathological  varia- 
tions, 705. 
Spermatin,  1103. 
Spermatozoa,  1103. 
Spina  bifida,  1131. 
Spinal    accessory    nerve, 

823. 
Spinal  cord,  835. 

action  of  blood  and 
poisons  on,  856. 
anterior  roots  of, 

828. 
blood-vessels     of, 

839. 
centres,  852. 
conducting   paths 

in,  856. 
conducting  system 

of,  840. 
development     of, 

1160. 
degeneration     of, 

excitability  of,854. 

Flechsig's  systems, 
804. 

nnfflion,  825. 

Gerlach's  theory, 
838. 

nerves,  825. 

neuro^leia  of,  839. 

nutritive  centres 
in,  841. 

posterior  roots  of, 
830. 

reflexes,  843. 

regeneration  of, 
902. 

secondary  degen- 
eration of,  Si. 

segment  o^  867. 

structure  of,  835. 

time  of  develop- 
ment, 842. 
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Spinal    cord,    transverse 
section  of,  860. 
„      unilateral  section 

of,  860. 
„      vaso-motor  centres 

in,  897. 
,,      WoroschiloflTs  ob- 
servations, 837. 
Spheno-palatine  ganglion, 

797. 
Spherical  aberration,  988. 
Sphincters,  673. 
Sphincter  ani,  314. 

„       pupillsB,  789,  959. 
„       urethrse,  588. 
Sphygmograph,  129. 

,,        Dudgeon's,  131. 
„        Marey's,  129. 
Sphygmometer,  128. 
Sphygmogram,  136. 
Spiral  joints,  670. 
Spirillum,  372. 
Spirochffita,  372. 
Spirometer,  227. 
Splanchnic    nerve,     319, 

897. 
Splanchnopleure,  1128. 
Spleen,  203. 

chemical  composi- 
tion, 206. 
contraction  of,  208. 
extirpation  of,  207. 
functions  of,  207. 
influence  of  nerves 

on,  210. 
oncograph,  209. 
structure,  203. 
tumours  of,  211. 
Spongin,  505. 
Spontaneous     generation, 

1100. 
Spores,  372. 
Spring  kymograph,  164. 

,,      myograph,  645. 
Sputum  abnormal,  275. 

,,       normal,  273. 
Squint,  804. 
Stammering,  706. 
Standing,  679. 
Stannius  experiment,  100. 
Stapedius,  1054. 
Starch,  512. 

„      animal,  350. 
Stasis,  190. 
Statical  theory  of  Goltz, 

811. 
Stationary         vibrations, 

1045. 
Steapsin,  343. 
Stenopaic  spectacles,  987. 
Stenson's  experiment,  630. 
Stereoscope,  1034,  1037. 
Stereoscopic  vision,  1031* 
Stethograph  229,  231. 
Stigmata,  122. 
StiUing,  canal  of,  965. 
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Stimuli,  633. 

adequate,  952. 
homologous,  952. 
heterologous,  952. 
Stofhrechsel,  xzxi. 
Stomach,  309. 

catarrh  of,  381. 
changes  in  glands, 

3-26. 
diseases  of,  380. 
glands  of,  322. 
movements  o^  309. 
„      structure  of,  321. 
Stomata,  122,  405. 
Stomodoeum,  1124. 
Storage  albumin,  485. 
Strabismus,  941. 
Strangury,  592. 
Stroma-fibrin  and  plasma- 
fibrin,  48. 
Struggle  for  existence,  1 1 63. 
Strychnin,  action  of,  845. 
Stuttering,  706. 
Subarachnoid  space,  947. 
Subdural  space,  947. 
Subjective  sensations,  954. 
Sublingual  gland,  289. 
Submaxillary      ganglion, 
285,802. 
atropin  on,  288. 
gland,  286. 
, ,       saliva, 
Successive  beats,  1064. 

„        contrast,  1022. 
Succinic  acid,  545. 
Succus  entericus,  368. 
Suction,  298. 
Suffars,  510,  546. 
Sulphindigotate   of  soda. 

Summation  of  stimuli,  844. 
Superfecundation,  1120. 
Superficial  reflexes,  850. 
Superfa-tation,  1120. 
Superior  maxillary  nerve, 

f «// . 
Supra-renal  capsules,  213^ 
Surditas  verbalis,  933. 
Sutures,  672. 
Sweat,  604. 

chemical       compos- 
ition, 605. 
conditions     influen- 
cing secretion,  660. 
excretion    of     sub- 
stances by,  606. 
glands,  601. 
insensible,  605. 
nerves,  6()i5. 
pathological       vari- 
ations of,  609. 
Sweat  centre,  607,  902. 
„  spinal,  855. 

Swimming,  684. 
Sympathetic  ganglion,  830. 
nerve,  830. 
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Sympathetic    nerve,   sec- 
tion of,  833. 
9,       stimulation    o^ 
795. 
Synchondroses,  672. 
Synergetic  muscles,  676. 
Synovia,  669. 
Syntonin,  331,  503. 

T^ches  cerebrales,  899. 
Tactile  areas,  934. 

corpuscles,  1086. 
sensations,     con- 
duction of,  857. 
Tenia,  1102. 
TaU-fold,  1129. 
TaUpes,  calcaneus,  677. 
,,       equinus,  677. 
„       varus,  677. 
Tapetum,  1001. 
Tapping  experiment,  885. 
Taste-bulbs,  1080. 
„     organ  of,  1080. 
„     testing,  1083. 
Taurin,  513. 
Taurocholic  acid,  355. 
Tea,  473. 
Tears,  1039. 
Tegmentum,  865. 
Tele8tereoecope,1034,1037. 
Temperature  of  animals, 

427. 
accommodation  for, 

448. 
artificial  increase  of, 
452. 

,,    estimation  of,  427. 
„    how  influenced,  432. 
„     lowering  of,  455. 
,,    post-mortem,  453. 
„     regulation  of,  441. 
„    topography  of,  430. 
,,    variations  of,  437. 
Temperature-sense,  1094. 
,,       illusions  of,  1095. 
Tendon,  619. 

„    nerves  of,  624, 1087. 
,,     reflexes,  851. 
Tensor,  chor6ides,  958. 
,,      tympani,  1052. 
Terminal  arteries,  949. 
Testicle,  descent  of,  1156. 
Tetanomotor,  722. 
Tetanus,  652,  725. 
Thaumatrope,  1018. 
Theobromin,  473. 
Thermal   cortical   centre, 

924,  932. 
Thermo-electric  methods, 

428. 
„  needles,  429. 

Thermometer,  427. 

„        metastatic,  427. 
„        outflow,  427. 
Thermometry,  427. 
Thirst,  1096. 
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I  Thiry's  fistula,  370. 
Thomsen's  disease,  651. 
Thoraoo-meter,  241. 
Thymus,  211. 

,,        development   of, 
1144. 
Thyroid,  213. 

„        development  a^ 
1144. 
Tibial  nerve,  894. 
Tidal  air,  227. 
Timbre,  1063,  1067. 
Time   in    psychical   pro- 
cesses, 907. 
Time-sense,  1066. 
Tinnitus,  810. 
Tissue  metabolism,  490. 
Tomes,  fibres  of,  300. 
Tone-inductorium,  655. 
Tones,  1063. 
Tongue,  glands  of,  279. 

movements  of,  304. 
structure  of,  280. 
taste-bulbs  of,  1080. 
Tonsils,  280. 
Tooth,  300. 

chemistry  of,  302. 
developmeu  tof ,302. 
eruption  of,  304. 
permanent,  304. 
pulp  of,  302. 
structure  of,  300. 
temporary,  304. 
Toricelli's  theorem,  115. 
Torpedo,  779. 
Torticollis,  82.3. 
Touch  corpuscles,  1083. 
Touch,  sense  of,  1083. 
Trachea,  217. 
Transfusion,  199. 

of  blood,  199. 
of  other  fluids,  202. 
Transitional     epithelinm, 

687. 
Transplantation  of  tissues, 

497. 
Trapezius,  spasm  of,  823. 
Traube-Hering  curves,  171. 
Traumatic  degeneration  of 

nerves,  729. 
Trichina,  1102. 
Trigeminus,  790. 

ganglia  of,  793,  797, 

800,802. 
inferior      maxillary 

branch,  797. 
neuralgia  of,  802. 
ophthidmio  branch, 

792. 
paralysis  of,  802. 
pathological,  802. 
section  of,  803. 
superior     maxiUaiy 

branch,  797. 
trophic  functiona  o^ 
803. 
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Triple  phosphate,  550. 
Trismus,  802. 
Trochlearis,  790. 
Trommer's  test,  297. 
Trophic  centres,  730. 
,,       fibres,  795. 
„       nerves,  728,  781. 
Trophoneuroses,  782. 
Trotting,  683. 
Trypsin,  341. 
Trypsinogen,  343. 
Tryptone,  341. 
Tube  casts,  565. 
Tubes,  capillary,  118. 
„       division  of,  118. 
,,       elastic,  118. 

movements  of  fluids 

io,  118. 
rigid,  125. 
unequal  diameter, 
117. 

Tnmultus  sermonis,  932. 
Tunicin,  512. 
Turck's  method,  849. 
Twitch,  646. 

Tympanic  membrane,1046. 
„        artificial,  1049. 
Tyrosin,  341, 375, 513,  563. 
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UIC6T  of  foot,  perforating, 

783. 
Unipolar  induction,  715. 

,,        stimulation,  725. 
Umbilicftl  arteries,  1134. 
cord,  1138. 
Teins,1130,1152. 
vesicle,  1129. 
Upper  tones,  1067. 
Urachus,  1135. 
Uraemia,  584. 
Urates,  537. 
Urea,  513,  530. 

compounds  o(  532. 
decomposition  of,530. 
effect  of  exercise  on, 

531. 
formation  of,  532. 
nitrate  of,  532. 
occurrence  of,  532. 
oxalate  of,  533. 
pathological,  531. 
phosphate  of,  533. 
preparation  of,  532. 
properties  of,  530. 
qualitative     estima- 
tion of,  533. 
quantitative  estima- 
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^    tion  of,  533. 
„    quantity  of,  530. 
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relation  of,  to  mus- 
cular work,  629. 
Ureter,  ligature  of,  576. 
, ,      structure  and  f  unc- 
^      tions  of,  585. 
Uric  acid,  5.34. 

diathesis,  585. 
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Urio  acid,formation  of,634i 

occurrence,  536. 

properties  of,  534. 

quality,  534. 

qualitative     estima- 
tion, 537. 

quantitative  estima- 
tion, 538. 

solubility,  534. 

tests  for,  537,  538. 
Urinary  bladder,  586. 
calculi,  568. 
qlosure  of,  588. 
deposits,  567. 
development     of, 

1 154. 
organs,  515. 
pressure  in,  591. 
Urine,  515,  525. 

abnormal  conditions 
of,  584. 

accumulation  of,  589. 

acid     fermentation, 
548. 

albumin  in,  551. 

alkaline     fermenta- 
tion, 549. 

amount  of  solids,  525. 

bases  in,  548. 

bile  in,  558. 

blood  in,  555. 

calculi,  568. 

changes  of  in  blad- 
der, 591. 

colour,  527. 

colouring  matters  of, 
542. 

consisteuce,  528. 

cystin  in,  562. 

aeposits  in,  564. 

effect  of  blood-pres- 
sure on,  571. 

egg-albumin  in,  554. 

electrical    condition 
of,  778. 

excretion  of  pigments 
by,  575. 

extractives  in,  543. 

fermentationsof,  548. 

fluorescence,  528. 

fungi  in,  565. 

gases  in,  548. 

globulin  in,  554. 

mcontinence  of,  592. 

influence  of   nerves 
on,  579. 

inorganic    constitu- 
ents, 546. 

inosit  in,  562. 

leucin  in,  563. 

milk-sngiir  in,  562. 

movement  of,  585. 

mucin  in,  554. 

mucus  in,  528. 

passage  of  substances 
into,  578. 
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Urine,  peptone  in,  554. 
phosphoric  acid  in, 

546. 
physical   characters 
of,  525. 
,,    pigments  of,  508. 
„    preparation  of,  576. 
„    propeptone  in,  554. 
quantity,  525. 
reaction,  529. 
retention  of,  592. 
secretion  of,  570. 
silicic  acid  in,  548. 
sodic    chloride    in, 

546. 
specific  gravity,  525. 
„    spontaneous  cnanges 
in,  548. 
suffar  in,  559. 
sulphuric   acid     in, 

547. 
taste  o^  529. 
test  for  albumin  in, 

552. 
tube  casts  in,  565. 
tyrosin  in,  563. 
Urinometer,  526. 
Urobilin,  358, 542. 
Urochrome,  542. 
Uroerythrin,  542. 
Uroglaucin,  542. 
Uromelanin,  542. 
Urostealith,  569. 
Uterine  milk,  1137. 
Uterus,  1111. 

development     of, 

1156. 
involution  of,  1 1 63. 
nerves  of,  1162. 
Uvea,  958. 
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Vagus,  814. 

cardiac  branches, 

818. 
depressor  nerve  of, 

817. 
effect   of   section, 

819. 
pathological,  822. 
pneumonia     after 

section,  819. 
reflex    effects   of, 

821. 
stimulationof,  822. 
unequal    excitabi- 
lity of,  821. 
Valleix's    points    doulou- 
reux, 1097. 
Valsalva'sexperiment,  149, 

1055. 
Valve,  ileo-colic,  312. 

„     pyloric,  309. 
Valves,  of  heart,  72. 
disease  o^  91. 
iiyury  to,  80. 
of  vems,  123. 
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Valves,  Bonnds  of,  194. 
Vaivalie  conmventes,  386. 
Varicose  fibreB^  711. 
Varix,  176. 

Varnishing  the  skin,  466. 
Vamix  caseosa,  604. 
Vasa  vasorum,  124. 
Vascular  system,  develop- 
ment of,  1148. 
Vaso-dilator  centre,  890. 
„  nerves,  890. 

Vaso-motor  centre,  890. 

„  spinal,  854. 

Vaso-motor  nerves,  course 

of,  892. 
Vater's  corpuscles,  1085. 
Vegetable  albumin,  504. 
,,        casein,  504. 
„        foods,  479. 
Veins,  123. 

cardinal,  1150. 
development   of, 

1150. 
movement  of  blood 

in,  190. 
murmurs  in,  193. 
pulse  in,  194. 
structure  of,  123. 
tonus  o^  892,  899. 
valves  in,  123. 
valvular  sounds  in, 

194. 
varicose,  176w 
velocity  of  blood  in, 
182. 

Ventilation,  272. 
Ventricles,  69,  79, 161. 
,,        capacity  of,  161. 
„        duration  of,  1S4. 
Veratrin,  730. 
VertebriE,  mobility  of,  679. 
Vertebral  column,  1131. 
Vertigo,  813. 
Vibratives,  703. 
Vibrio,  372. 
Villus  intestinal,  387. 

absorption  by,  398. 
contractility  of,  395. 
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Villus,  chorionic,  1123. 
„      placental,  1137. 
Violet-blindness,  1016. 
Visceral  arches,  1132. 
„      clefts,  1132. 
Vision,  binocular,  1028. 
,,      single,  1029. 
,,     stereoscopic,  1031. 
Visual  angle,  973,  1035. 
„     ceSs,  960. 
„      puriple,  961,  1009. 
Vital  capacity,  227. 
Vitellin,  602. 
VitelUne  duct,  1129. 
Vitreous  humour,  964. 
Vocal  cords,  687,  691. 
„     conditions     inHu- 
eocing  the,  697. 
„    varying  conditions 
of,  695. 
Voice,  falsetto,  698. 
„     in  animals,  707. 
.,    pathological   varia- 
tions of,  705. 
„    physics  of,  685. 
„    pitch  of,  686. 
„    production  of,  698. 
,,     range  of,  699. 
Voluntary  motor  fibre8,866. 
„      movements  local- 
ised, 857. 
Vomiting,  310,  345. 

„        centre  for,  31 1. 
Vowels,  analysis  of,  1068. 
artificUl,  1068. 
formation  of,  700. 
Eoenig's  apparatus 
for,  1071. 
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Wakme,  908. 

Walking,  681,  683. 

Wallerianlaw  of  degenera- 
tion, 728. 

Warm  -  blooded    animals, 
426. 

Water,  499. 

„   absorbed  by  skin,  610. 
absorption  of,  386. 


Water,  amount  of,  458. 

, ,    exhaled  by  skin,  264, 
605. 

„    exhaled  from  lungs, 
256. 

„    hardness  of,  459. 

„    impurities,  460. 

,,    in  urine.  525. 

, ,    vapour  o^  in  air,  254. 
Wavepulse,  136. 

,,     propagation  of,  153. 
Wave-movements,  1045. 
Waves,  in  elastic  tubes, 

118,  153. 
Weber^s  paradox,  663. 

,,       law,  953. 
Weight.  497. 
White  of  egg,  501. 
Wine,  475. 
WolfBan  bodies,  1157. 

„       ducts,  1134,1154. 
Word-blindness,  933. 
Word-deafness,  933. 
Work,  xxiii. 

unit  of,  xxiii. 
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Xanthin,  341,  514,  539. 

Xanthokyanopy,  1016. 
Xanthophane,  963. 
Xanthoprotein,    reaction, 
501. 

Yawning,  249. 

Yeast,  474. 
Yelk,  1100. 

,,     sac,  1129. 
Yellow  spot,  961. 
Young-Uelinholtz  theory, 

1013. 

Zimmermann,  particles 

of,  22. 
Zinn,  zonule  of,  963. 
ZoUner's  lines,  1038. 
Zona  pellucida,  1107. 
Zoogloea,  372. 
Zymogen,  327,  342. 
Zymophjrtes,  335. 


THE     END. 
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